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GENERAL GEOLOGY OF THE DISTRICT. 

'Hio rocks of the Sftii Krancisco and .tdj.u:ont districts consi^^t (if srdlraontary formntinns 
hiVii llow's, iind intrusivps. 

SEDIXIEXTARY HOCKS. 

Thp stratified rocks have resulted from a. long poriod of spdimentfttion, extending f mm 
Cumbrnin to Triussie time. Tho fossils indicnto tho piTsenec of Or(!ovi<-,iun, Dovoniftif, C.ir- 
boniferous, and Triassic sediments. Fossils of Silurijin (ij^o were, not found, Iiut no evidence 
was obtuined to show that sedirnQntation whs not in progrt^s during the Silurian period. No 
s<«^liments younger than Trisissic <'.rop out in tho district, with the excepfion of the Lake Bonnt^- 
vilJe beds t;nd alhivijil deposits. 

At some time after tho deposition of tlio Trinssie the region was elevated and gubaequetiUy 
reduced lo a mature erosion surface. 

IGNKOrs ROCKS. 

Both extrusive and intrusive rocks are extensive and important in the <Us!r!et. 

Efvtflve rocks. — Pi-obably from eai'ly to middle Tertiary time there wag an extensive 
outpouring of lavas that nearly or quite buried the old erosion surface of the sedimentaiy rocks. 
This body of lava waa made up of many flows of vaiying physical cbaracter and somewliat 
diverse composition. The composition of the great bidk of the extrusive rocks;, however, is 
that of a quartz latito, though there are small bodies of tliese rocks that may be classed as rhyo- 
lito and others that are andcsitc and dacite. The latest flows arc basalts and were pi'obably 
pourcd out at a considerably later pei-iod than the main body of tlie effusive rocks. 

Intras-ive rocks. — ^The extrusion of the mnin bodj' of the la\'^as was followed by extensive 
intrusion of quartz monzonite and closely allied roeks that formed iri'cgidar stocks in the sedi- 
mentury roeks and lavas. These in turn were followed by intrusives of more siliceous and hjisic 
types, forming small aplit Jc and biisic dikes. Neither of these later typ<*s is of an)' considerable 
area! extent. 

STUUCTl'BE. 

Folding is not an important feature of the structure of tho district. On the west side of 
the San Fiancisco Slountains there is un anticline, the western limb of wluch has been ei-oded 
except in the lower beds exposed. Other folds that may have been present have been mushed 
or obliteiated by tho intrusive rocks. 

Faxdting has played a far more important part in determining the structure of the region 
than folding^ The larger faults trend in a general north-south direction and have determined the 
outUne of the San Francisco Range, which hiws resulted from the relative uplift and tilting of a 
block between two faults. Similar faults hav<* determined (he outhne of the Jlmeral Range 



Still smaller faults and fissures that have had an important influence on the formation of the 
ore deposits are present in all the districts. j^ 
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METAMORPHISM- 



I^caUy the rock, of the region h.ve undergone extensive clu.nges, duo to the action of heated 
i;, ..Mo nr fTH5ifq piirn'in" miuerftl iimltcr in solutiori. . u c i 

"^""XC r^..r3 .„.«»*.-In ,he c,u.rt. monzonUc the "^•'-U.on.-boe..> <•,„„«, 
to llie vioiDity of fissures alonjj wllich heated liquids and g,ises have p.i>..cd. Ihcchaacte.- 
Lti al erat on is thut to a quar.z-scnei.e rock contaimng minor amounts of other eonsUtuents, 
!n<.|uding sulphides of iron and eoppcr, oxide of iron, and i,> sonu, plaee. cp.rbonate of >r„n, 

%iJtrr<iii'>us U lam fiows.-hocaWy the Ihy^s have s.ifferc<l extensive alteration from heutod 
solutions In somo plact-s (his chun-e li.us been confined to the vicinity o J>s«nres, but m 
other pJuces extensive ftreiw li.ive been uflcoU^d. Tlicse xireas iire usually ni clone proximity to 
the quartz monzonitc, and the alteration has probably resulted from the intnJSion oi that rock. 
The most usual change is that to a rock composed esscntiaUy of quartz and scncite, but where 
the alteration hus be<Mi most intnnso the resulting rock is composed of quartz, seruite, and 
andalnsite, with minor amounts of other minerals. 

AUcration nf sttUmmtary rocts.— Tlie limestone hiis undergone far more extensive alter- 
ation than the other sedimenl-aiy rocks, though both sliale and quartzito have l>een alTeeted 
to a minor extent, 

ITie alteration of the limestone may be describeil as of two types, though they grade into 
one another. Tlic limestone adjacent to the quart?, monzonitc bodies has nearly eveiywhere 
been recrystiUHzed to form a whito ciystalliuo limestone or marble, though there may have 
been no mai'ked change in composition during this process. I^oealh- tlie limestones have under- 
gone extensive chemical change with important adcHtions of sihca, iron, a httle alumina, and 
minor amounts of other constituents, and carbonic acid has been almost entirely removed. 
Mineralogieally tliis change is shown by the presonco of garnet, tremoiito, ve3U\'ianite, epidot-e^ 
and otlier contact silicates, together with magnetite, specularite, and sulphides of iron and 
copper in varying amounts. It is believed that the alteration is the result of the intrusioi> of 
the quartz monzouite — tluit the heat given ofl' by tliis mass has resulted in a reciystallization 
of the adjiKx^nt hmestone wherever it is in contact and probably in slight additions to the 
limestone of elements coming from the inti-usive rook. Where there have been important 
additions to the hmestone they have probably entered as gaseous or aqueous solutions that 
have been excluded from the crystallizing quartz morizonite magma. The locnJization of these 
ureas of lnghl>' altered rocks is duo to tlie facts that the upper and outer portion of the intrusive 
body soiidJJiod first and that the materids excluded from tlie deeper-seated sources escaped 
through fissures in tlie already solidified portion and thus were collected in certain channels, 
thotr effects being localized where (Jicse cliaimels entered tlie limestone or passed iUon'* the 
contact at the line of least resistance. ^ 

ReMon of ike different ii/pes of aUeration,—'V\xQ additions that have taken phu-e in the alter- 




ORE DEPOSITS. 

CL,\8SLFICaTI0N. 



All the ore deposits of (he San Francisco and adj.u-ent districts arc beheved t. i r , ■ u 

the same .tgc. the deposition of the ores .losely folding the in ^on ofTlu . '^7^^^*'"''"^>' 
Tlio nnu-ked diiTerence in th- ,.h.r...f„,. »f .V., .im- ". mirusion ct the quartz mouzonitti. 



. e nnu-Kecl di lerence in the .-haractor of the dillerent deposits irmo^ZX^'TT \ 

the deposes occur; .„ the distance fn>m the intrusive body, re u tV^ i„ din"' " "V". 

jy -.auiLiiij, in am,;.i,.nces of tern- 
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peratuie, pressure, etc.. and in the limo in the ^^"orRl period of ininoraliziition in which the 

deposits were formed. ClftssifiMl on tho basis of tliechnructer of the rock in which f ho deposits 
occur they may bo divided into three j^'oups, eaeh inchidinj; deposits of similar charnctor. 
'Hii'se groups nu.y be tlcsignutetJ deposils in qiuirlz moiizoniti', deposits in sedimentaiy rocks, 
and deposits in lavas. 

PEPOSITS IX QUARTZ MOXZONITII. 

nie deposits in quartz monzoiutc ore charaetcristieuUy copper deposits of the replacemenl/- 
vein iv]X\ ITie typical altcratioM of the quartx monzonite adjiwent to tho veins ia a marked 
sencilization. The most abundant vehi mineral aside from tho altered quartz nionzonito is 
(|Uiirtz, whieh in tlic O K deposit is pej^matitic in cluiracter. The n^ctalHc minendg are princi- 
piilly pjTite and chalcopyrite, with minor amounts of molybdenite, galena, tetrahediite, and the 
iron oxides niagnotlte and speeularitCj which arc in some places relatively abundant. Ju the 
Cactus mine tourniahne, anhydrite, barile, and eavrbonatc arc rather abimduni pvimi^r)' gangue 
minerals. 

In the Cactus mine the minnraJs show a rather definite order of format-ion, beginning with 
sericitizatioii, followed by the deposition of tourmaline and quartz, next of hematite, and htst of 
anhydrite, baritc, and carbonate. Sulphides wore being deposited thi-ough the entire ]>i'riod of 
niiueralization. 

In addition (o the clipper deposits there are some deposits of lead ore in the quartz luouzo- 
iiite, butup to the present time these have not been shown to be of much eommcrciftl importance. 

DEPOSITS IN SEPIMENTARY ROCKS. 

The deposits in the ac4linientary rocks may be divided into two types, contact deposits and 
replacement lissurc deposits. 

CoJtiact depoftits. — Tho cor-.tact deposits have resulted from the replact>ment of limestone 
close to tho quartz monzonite. Tliey are typieaUy copper deposits carrying some precious 
metals. Tlie gangue minerals aro contact sihcales, together with oxides of iran, the latter in 
some places forming the principal gangue. 

Ri.flxu.-.urn'.ni fasure d€fOsits.—1\o replaeemeut fissure deposits have resulted from the 
repbiceir.ent of sediments, conunonly linx-atone, along fissures, usmdiy at some distance from 
the quartz nionzonitx;. The deposits of this character thus far worked have their pnncipiU 
value in lead and silver, thouc:h zinc Mud copper are present in vuiying and.iu some deposits, 
in-portant amounts. The priniarv miner.-ds consist of pyrite, galena, sphalerite, ami ehid- 
copyrite in a ganguo of uuroplaced limestone, quartz, and in places some contact sihcales and 

""" The region contains over^^ gnwlution between the typical contact deposit and the typical 
replacement lissurc deposit. 

DEPOSITS IN' VOLCANIC HOOKS. 

The deposits i,. (he volcAnie. rocks ,>rc rephu'eniont fes.ii-o deposits. ;rhe ro.-k aJj.ux.nt to 
them has bee., seridti.^d ,.nd where .dtefalion h,.s been .nost ,nt...S6 sa.c.ficKt.™. h.v. «..» 
prona-HKed. I" some l.Hu.Uties ehlorito and bwlinitc l.ave bee,, .m,>orta,.t p.-oduc.t, of .Uteru- 

in the CitJ-bonato mine, eidcito. 

GENESIS OF THE OKES. 

M. C. 60DBE III 



L'TAH. 
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.K, oH^n of th. cU.p.„tH in -,u..-.. -— --;>:rtt c^g na contain sul,>lu<Ios ., ori^inul 

believed to .epn^nt ,. further differentiation of tho nrngum i„dia,Uive of h.vi,,, 

The contact deposits »ttt,u„ the m.aeral. 'f!""' ^ f "j^,^^f j^^, f, me plnces . blcndh.-- o] 
f.>,™«l «t high U,mperature-s. At tho ,mmed„>U, cont^ 'mLuU^™ limestone, showin], a 
the n.meral. ehnructorislic ot the quar . ™""-">''^ »' ° '^J['lZ.l eont.tct depo.sit. to 
En.dual transition from one to the other. The gr.ulat.on from W''^*' 
n'plaeen,e,it-fissnre deposits is so complete that there can be no doubt that the Uo art of 



Th e -Wence bearing on the genesis of the de,x,siU m the lava flows .s I -s eonclus.ve, but 
the /en ral relations suggest sl,«ngly that they have a common or.g.n .ttb the other depos, s 
, 'f the distric't, nan.eiy.That they have hce.i deposited from souit.ons given oil by the quartz 
nionzoriito miii'nia. 

KN-mCHMRN'T OF TIIK WKl'OSIT.S. 

Enrichment luis been nil imp»rtjuit though very variable factor in producing tho ore 
di'iiowits im they mv found. 

Evrk-hmtvA ofdcpoftHs in qmrtz uumzoniU.^lw the oopper deposits in tho quai-tz nionzoiutP 
sulphiilc unridimtMit, or tlio leiiciiing of the copper from the upper part of the ore zone a\u\ its 
roprccipitution on tlie sulphidi^s lower down as chalcocite or covellitc, h«s been important in 
tho O K nunc, but in the Cactus deposit such enrichment is pructically absent. Tliis difference is 
due, it i.s bolievod, to the presence in the Cactus deposit of abundant carljonate, wliieh prevented 
the iniyratiou of the coi>per and retained it in the oxidized /.one as carbonrttes matead of per- 
mittiny: it tt) pu.ss to greater depth and be precfijitatcd us sulphide. 

Knrtchmtni of coiitucl diponils. — Secondary alteration in the typical contact deposits has 
been confined to a zone coinpamtively near the surface, owing to tlie dense nature of t!ie;?e 
deposits and tlie relntively inert cinirnctorot the silicates coiuposuig the gaague. The ore that has 
been extracted from de[>osits of this type, however, has resulted from concentration in the 
rehitively sh;:Ilow zone ol oxi(hi(i*)n. 

Tlie replacement fissure deposits have undergone extejisive secondary alteration. In 
most places oxidation has extended to the depth U) which mining operations have gone. The 
see^)ndary ores coiisist mainly oi cerusit*; carrying silver and minor amounts of copper and 
zinc carbonates in ii gaiigue of liraonite. During the jjrocess of alteration the zinc content has 
proltably dccrci'-seti. whereas the i-elative content of other metals may have been slightly 
uicrensod through t!ie removal of sulphur and other constituents. 

Knrirkment of dejmiUi r/i- lavas.~ln the deposits in lavas secondniy olteration has been 
higldy variable on ace^-^unt of the dilTerencps in the \vaU>r level due U>'^ local conditions. In 
the Carbonate deposit there has been little see^Midary alteration owing to tho fact that t!\e local 
water level isvory near the surface, but in the Horn Silver dc|>oait the water level is deep and 
seconaary alteration luus been extensive. In the Horn Silver deposit oxidation has been very 
eoHiplete Uy a depth of more than 500 feet and in some parts of the deposit to much -reater 
depths. "^ 



been\'!,r'tlv"^'r'' 'r?''' '^T "'"^ '"F'""' ''"' '''"' P--'"^''™"? 'om-'v^d and tho galena has 
.^IT.. .V. "'*"'. '" "fr'^'- ."■>"' """"■ '""""'■•'■"' "f ^■■"^i"' »"J 'ho more complex sul- 




in tlu- zone n{ sulphide enrichment the „res have been enriched in ron^ j ■ ti 

copper has ivnhierH M-« ..ti, .. t i ■ i e ■ ■ , *"iiicHt(i m coppg^ g^d zme. The 

I M^ mis i^piaua tl:e other sulphides, fovmmg rich ores eonsistin.r m.ilni <■ ir. a 

chalcocite. Tim zine i..i« !..»„„ ^ •». i ■ e i • , , '-""^'^"'"ig manUv of covclhte and 

wurtzite. dep,jsit«d m ureas of highly breceiated 



i>re Ha tlie rare sul[>hide 
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INTKODUCTION, 

FIELD WOBK. 

The .San Francisco district was of reoognizcii iniporttince in tlie etirly (leys of mining in 
Utah, but it3 output soon dccUnciI iiml tlioiviiftor it nttmc.t(.'d littln rtttonUon until about H»03, 
wlicn Uic ilevelopnient of tlic Cactus mine was undertaken. 

In August, 19(>4, S. l'\ Euuuoiis, tlien in cliargo of the (iivisiou of metalliferous deposits 
ul llio GGi;)logical Survey, visited the district and diHcrmincd the area to be covered by a pro- 
jectcrl topograpliic map. In 1904 and 1905 Fi-ed McLaugUliii coinpleUM! a topographic map 
covering the Sail Francisco and Preuss distric^ts and parts of tlic Beaver Lake, Rocky, and 
Star districts, an area of about 17.5 square miles. 

In the spring of I DOS Waldeniar Liiidgrcu, in cliurgeof the di\'ision of metallifcroua depos- 
its, visited the San Francisco district and decided that the Survey ahoiJd make a stuily of Us 
geolog}'. Tlie. writer was assigned to the work of mapping the surface geology and was occupied 
in tliis work during part of July, tlic whole of August, and part of Septombcr, lOOH, 

Before the geoU)gie. work was completed tiie renewed activity in the Star district made it 
desiral>Io that all tJiat district should bo included in the geologic study and tlicrefore, m the 
sunuTier of 1009, W. 51. Beaman e.xtended the topogi-aphic work to include the more tictive 
piirtJi of tho Star, Rocky, and Beaver Lake districts that were not included hi the previous map. 
The total area mapped is about 200 square inJJes. 

In 1909 the writer was assigned to the study of the ore deposits and spent the gixater f>art 
of July, the whole of August, and part of September in the district. Tn 1910 he spent about 
10 davs in the district ami in 1910 and 1911 was engaged in studying other districts in soiitli- 
westevD Utah. Office work on the present report has been iji jirogrcss since the full of 190S. 
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^^az:;:!^:^ -.w Minin. ... 

^^^^^.^^n^XlJ^S^^ U. Cavbonato n.nc in an aHicie on ore ...posU. 
publ^M m ISSJI.^ ^ ^^^^^^,^^^^^^ ^^ ^^.^^^ ^^^^^. ^^.^^ ^^^ ^,^^ ^^^^ ^„j ^.,.,^ ,^3,,,tio.s ia B.avcr 

*^'"'FmmorMn H)01 published u briof aoscviptior. of the lloi-n Silver dcp.«it. and the geology 
in th^iiriiat: vioinHv. Eznmons later « described the ore deposit of the Cactns mme and 
*ho ironcnil ueoloRV of tlic San Francisco Rango in the viomity of the deposit. 

h! llmS^Jose.^ Jer>Hcn, R. C. Tower, llalph R. Wooley, Ernest S. Bo^vman, HE. Havener, 
and V B. Herbert made a study of the general geolo-y, petrography, and ore deposits of the San 
Krancisco Mountains, giving special attention to tlie west side of the range. Hie results of 
this study were preacnted as a thesis U> the University of Utah. 

Irfe^ has de-scribed the geology of the Beaver Valley nnd Mineral Range and the recent 

sediments of the Milford VallcJ^ . , ■ 

Lindgren "■ has descrlbc-d the occurrence of anhydrite in the C-actua nune and m connection 
with tlds the general chin-actcr of tho ore de])osit. 

Palmer " has described tlic Cactus ore deposit and the methods of exti-oction tind treat- 
ment of tiie ores. 

The Survey's annual report "lAfineral vesourees of tho United Stales" htis yearly conlnnicd 
dcscriptious of the nctivitii-s in the region an<l statistics of the production. 

Tlie report of tlie Tenth Cejisus'^ of the United States contains an account of the mining 
operations in tho region previous tn ISSO and au estimate oi j>roductio[i. 

In addition to the publications al>ovo mentioned the minuig uinga^iiies have from time to 
time publifllied reviews of mining in the distrietK here discussed. 

NniiHTou.s private reports on individual jji-oiierties have been made by engineers, but so 
far as llu^ wril<'r ia awurc none has been published. The writer has liad tiie ])rivilege of seeing 
several t»f theses repoiis and bus romiTcd t^) them in the text of this paper. 

' OllUrl, O.K., l. S, C.CO/ .Siirvdya W. Vjm:\ Mm., 1«T2, pp. l!v-24. 

» idom. tdI. 3, iK7."i, pp. jr-si. 

» 01)l*ri,0. K., Lake UonnfVJUs: Hon. U. H, Qtol, Siirrey, vol, 1, IM>». 
< r.uK-iincl Min. JoiiF., vol. J;4, l.*?J, pp. 3W,.iKi, 37(^3^,111. 

' Newberrj*. J. s., Tho ofijln ami clftsiin«ahin nf ore deposits: .ichool of Mines Quart., vol 1, 1880, p. 1G2. 
•HollbUT, O. T., Oolil ll-^a^ilye^Illta^Jl^ Ui V\.p,h: Tmns. Am. Io.nI. Vin. Kng., v(ri. 16, lSS9,pp. ;-B. 

' Kimmwi*, 9. v., T»w I'l-Uiiniir ujvI Hnrn Silver mhwrt-Uo '.v-pw ulflio (fciiwHa in Uia <l<.iOrts or Scvarln aoU Utah; Xtas Aat.'h\si. Mlu, 
Khr.. vol.ai, l!>y,pp, a;«-«l; SolcnuD [A'oiloM.ilialtHA insumhfni Utuhnnd Xnvuhi (ali'^inici); ScIi-ikk, ncwwr, vol. t3 igp't ,,[,] tM-;27. 




'5 Eluiiik'y, n. 1»., Tcjiiii Oautu. U. S., vol. S, ISSO, pp. <(i4H75, 
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about 200 square miles. The district is about ISO mtlos n Jittle west of south of Sdll Iiiikc City. 
^(iirord, a ftnv miles oast of the district, on the San Pedro, Los jViigeU's di Sidt Lake Riiilrond, 
is tlie niilrond center fur tlie ren;ion. A branch of this i-oad pxt^^nds from AJilford to Frisco and 
Newhouso. Solus, ;i station (ui this brnncli, is the shipping point for the Bem-er Lnke (hslrict, 
ami a siioi't branch extcndini; to the Old Hickoiy inidc furnishes sliipping facilities for the 
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Wan-ior, Moscow, luid otlicr ^smnllov p.ntlo.iiii-nts. 

TOPOGRAPHY AND DRAINAGE. 't 

The surfnce featmes of the San Francisco nn<l adjaco.it dL.tii^-ts arc typical of the Great 
Basin ronHstinj,' of broii.l tlosMl valleys or plains from which the mmmUnn rulnres nsc abruptly 
(Soc PI il ' The plain rises grrrtdtmllv froru an elevation of 5,250 loel. m the eustcra paiL ot 
tho r.^.{li<ni to a,500 tVot at (ho to^vn of Frisco. AVt^t of the Sail Fianci.S4-.o Kaugc, m PrcHitiS 
Valley , the plain scni-coly rouciie.-i au elevation of 5.000 feet. 

tho Sail Fi-Hiiciscf. Moimtttins, the nioi;t prominent range- of the region, extend across its 
western pari in a nrurly north-south dircctiun. Ten miles to the north iho axis tunis slightly .. 
U> tho past and the ranp? is rontinvuMl in the, Benver River MounLnhis, on the eai;t side of SeN-ior 
Lake. From XlJriUoiiiitn Hill -northwan) the raiifre is strongly developed ami continuous. 
South of this )>oiiit it hiniUs into short ridges find irresulfl-r liills. A series of tlie.sc low hilLs 
eonnwia with the hi;ihfr irwnmtnins of the Slur district, to the east. The western fdee of tlic 
rmijje rises abruptly (n a niaxinuim elcvntion at Quartzite llill of 9,725 fret, or over 4,000 feet 
abctve the level of the plain. The eastern slope is nmeh less precipitous ami is flanked by & 
scries of low !iilln extoiidinj; for 2 miles (ctWHrd the plain. The rnn'j:e is broken juiit south of 
(ininipiiin llill by a low pass, (hroii^h which the raih'ond extends to Newlioiii^c and the Caetvis 
mine. The streams have cut many canyons or j;ulelie& in the mountahis, those tributary to the 
Prcuss Vidley being the most pronounced. Marble Gulch, Tjocber Gnlcli. and Copper Gnleh 
extend tti tlie heart of (he nuigc. To tlie ejist tiie canyons are less deep, though Morehouse 
ami Sawmill canyons extend well int<> tho range. 



■ )[ the ranjic composed of doUmiitie limestone, is mure ru«:ge*l. A scries of low hills extcmhng 
sou theuiit ward from the Beaver Lake Mountains comiecls ibem with the Rocky Ilange, which 
except for i-he souiheni point, is a ruj^gcd ran*;e of jjranitic rock.-i rising ahruutly from the plain. 
Tho southern part contains Sinne. limestone bin is sH-arcely less rugged than the granite area to 
tho mnih. 
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snirtH ">it:ir,ks" or "coiios" of -ranilic; rork risin- abruptly from iho plain iuul eomplotcly 
scpiinitt.^i iVoni tho main inu.ss ol tin- itKMiiUuins. Such a roue issoen mi tli.^ Krisc) lOii.l near its 
juiiclion with the Jlickory roiul. 

Th(M-o arc no pcreuniul strenms in this lejiion,, iiml for tho umst purl tlic valUiys or washes 
Ifiniing lu-ross tlie desrrt pkiiiw from the mnuntoins are entirely ilry. (See PI. til. A.) 0.--e!i- 
sioiniUy, however, when n eloudimrst dceui-s !tt the l-.eiulw»loi-s <>l" one of these valleys, it will 
he couvcM-teil into u nnuldy toiTOiit. Hooding the lowlands nt its mouth. 

NtMrly nil the uroa oast- of the San Fritnriseo Run^o dniiiis into Beaver Creek, which. exi-e.])t, 
ill the Wot sonson, sinks into the plain a few miles north of Milford. The nrcn west, of the raiif^e 
mid a small iiroa near 8(iuaw Springs Pai*8 ei»4t of the rnnge di-aia into iho Proiiss VKlley, where 
j-niiill phivus are formed in wet seu3<-)ns. 

CLIMATE. 

Tho climale of soutlnveslprn Vluh is temppmte, not hein;; subjevt to extremes of either hoal 
or colli. Like all desert nnd arid lands, the re^on has pronounced iUd'crenccs in temperature 
helwecn night and day. Tho simimer days, except in the low vnlleys^ wre not oxcessivelv warm, 
and (he ni«:hts are ne.i.rly always deli;;h(fully cool. 

Tho precipitation does not usually exceed 12 inches iinnually, a li»rji;o pari of tliis oecurrinf^ 
in Ciirly spring and late summer. Durinj; tho latter period severe thundorslorms or elotulbui-sts 
are of frequent occurrence. The water that falls during these storms quickly runs oil", at. limes 
causiuj,' local floods in the lowlailda. 

The nejirest United Stales Weather Bureau station is at Mo<lena, Ttidi, about tlO miles 
southwest of Fri.sco, 5,470 feet above &ea level. The condilloas iiL this station are very similar 
to those, in tho San FvancLsco district. 

The following table show.s the meteorolojiic exauUlions at Modena f<ir 11)0-4 and li)Or>: 

Pnnpllall'in an'! hmtiimtur,- lit Morii't, (hoit, liMM ainJ JSt/iJ. 
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Tho followiufr tuble, sliows the pnn-ipit^ition at Frisco as j^iveii by 1-ce.:' 

I'nnpiUtllon al Frisco, Viah, laitr-liiUG. 
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VEGETATION. 

Tho Son Krancisco district h.» .h. s.,m.,' vegetatloa ch,.™ctc,i.Uc ..f arid region. On 
<l,e li'her ,.„r.s of M.o Sa.. Francisco Kung., !u,we.«r, t,«.-over«i .lopes '-yj'"^ ;-;^^^ 

dirmetJr not being uncommon. Cedar ucesofgood ^aro .bo n»raerou.. .Mo«t^;^_th^um 
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bcr hiis boon roinoved. a part bein- used as tii.ibors for the Horn 8iIr,M- min. ami a considm-ublo 
f.iULntitv cimve.ried mto ohar.-oal for the smelting o{ the local ores. The lower slopes boa,- u 
spanlv l-oyciiu" nf y<.rui) ]Mnes imd cedar. Where snil conditmns are tavorablo Ihcso may torm 
nUhcr dense l-hickels, as in the hivu Kills in the southej-n i^art of the dislnct. SMgt.bi-ii.sh (Arte- 
mlshi) k llie i>i-o%'.iiliri- ve^^'elntinn of the lower valleys, ihou-ii Hi soine Ineahties white sage 
U':unjtia lanaUi) is pientifid. In the lowest and most arid parts of tlie di.stnct the sagebrush 
gives way in part to spiny desert plants. Several varieties of eaetu^ occur in tlie district, but 

thp.se are nowhere ubiimiant. j • . 

Bunch gnus.-i is found in luoat i)arta of the district, except in the very low and and parts of 

the valleys.^ This, to^^ether with the :^agebrush and the gi-a.«ses that gi'ow rather abundnntly 

mi the ili'hri.s fans nnd talus slopes at the base uf the mountains, furnish grazing for a few iiead 

of horses and callle and the Hocks of sheep that are annually driven throiigli the distrtcl. 

WATER SUPPLY. 

Water is searce in the region, and nuieh of it is of inferior quality. For water for drinUing 
and houselupld use most of Uie eastern part of the region is dependent on Milford, where an 
abundant supply uf e.\cellent water is obtained from artesian wells. 

The supply for Xewlioiise and the Caetus m.ill is obtained from the Wa Wa Springs. (.11 tlie 
npptisile side of the Preuss Vullcy. Tliis group ol' springs has a flow of about 1,200 gidlt)ns a 
minulo and is the largest water supply in the region. The (low from sixteen s)>rings is gatiiered 
into a eoijeeting resen'oir. IrouT which it is conveyed through a pipe 44,000 feet long to a reservoir 
situated above the mill nnd town of Newhouse. 

Krum (he hottvyhsds of quartxite capping the San Francisco Monutains issue several springs, 
fnrnisiuug a small amount uf exeellcnt water. One of t.h£>se springs supplies the Indian Queen 
mine, and another was formerly conneeled by pipe with ihc Blackblixl mine. In the fall of lOOS 
tiu! iltirehouse Spring, 5 miles north of Frisco, was eonnocted with the King David mine by a 
pipe line, and tills idso supplies iho town of Frisco, whicli formerly obtained its water for drinking 
and lunisehold use lrr)ni Miiford. Springs from the siimc formation occur in Barrel Spring Can- 
yon and the canyon north of it, but at present the water is not utilized. 

The springs in the other fomintions in f he western part of the- region furnish water of inferior 
quality, wJdch is, however, availai)Io for stock and for other purposes. The Squaw Springs. 
1 milo smilluvest of tiie Horn Silver mine, Co3'ote Springs, three-fourths of a mile nortlv of the 
Cariionalc mine, nnd Horn Silver Spring, in the town of Frisco, arc the Iiirgest of this tvpe in the 
western part of the region. The Horn Silver Spring was developed to supply water f«u- smelting 
and later for (•oncenfration of the Ilurn Silver ores, but no large flow was obtained. A meager 
supply has been obl;nined from several wells about Frisc<i, and during the sununer of 1908 water 
was being pumped from the old shaft uf the Bcaver-Curbonate mine to supply two concentrating 
tablra. WaltM- is also present in tlio lower workings of tlie Horn Sdver mine. All the springs 
mentioned in this i>urn^rapU i**ue from the volcanic rocks, and their water is t(»o impure for 
houseliold iwe. 

The West Spiing, Foirview Springs, and a spring developed iii driving a tnimcl in Butch 
Cunvon supitly the northern part of the Beaver Lake district. These springs issue from the 
mon/A»nile nnd funiisli water of bi^tt+M- quality lliau that from tlie volcanic nu'ks. 

The South Beaver Luke, ]^)eky, aivl Star districts are dependent upon Milford for their 
drinking water. The sjuings issuing from thc^ volcanic rocI« at Shauntie furnish water for use 
in giLsoline engines in the southwesle.rn i>ftrl of the Star district.. Water, said to be of good 
qiinUty, has \wvw cnc^)iintered on the 500-foot level uf the HarnngtoTi-IIickory mine, ami water 
is alstt present iti iJio shaft of llie O K mine at a depth of about 490 feet. 

The. depth at wluch water is found varies considerably in different parts of the district. 
Around Frisco water is obtained in wells 15 to 25 feet, below the surface, and some shaft.s west 
of the Carbomite mine have eucoiinterod water at even less deptli. The water from these wells 
and shafts is not fit fur drinking. The Horn Silver mine, however, contain.^ verv little water 
above the 1,200-foot level. The Cactus nunc in U)09 was nearlv drv at the OOO-foot level, 
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thougli snnic water was hiler cMu-oiintoretl on ihe 700-fool Icvol Tlu. r'«..K., . • , , 
^g.on .,.e <l,y, ,h.,u«h, „. ah-eudy .U„.<1, watc. o.cuvs in ,.u- U.mng,on-.IicUo,,! ^llo K 
The >[iK„r,l siii.l.ly of «at..,- is Jmv«i fr,„„ .rt«ia„ snmT« .i,ul is of very »nod „ualilv 

s,|.,a,-c u ol, «t the Burfa,-o, ll.nv. ,SI) gaU.m. . uun„(o, and h..s a Lu,,vnhnx of 7>° K Th! 
pa „™l ll,,w I>«„g .nsulliciont lo suj-ply tl,o tnwn, the water i.s pumped, tl.o or.linar; .lisolmrgo 
of l.ib giiUons n mmuto bomg rcjulily supplied. ' 

The Lewis well h;i.s :» 4-inc.-, pipe (u a ,loptli of 450 icoi, from wliieh liicro is ;i flow of 37 
gflUons » min-.ite. Withm (his is a L'-incl, pipe extemling tn a .leplh uf 750 foeL from wliici. 
(hero IS ii (low ol 2 jjallons a niinulc. 

nio Winberg well at Iho stoain laundry in MiKord is 326 feet <lcep .nul peneln.tes water 
str^Ua at, doi.ths of 200., 285, 310, and ;:i2fl feot. Tho pressnro at. tlie nu.ii(.li of the well is G 
pounds to the square iiicii and tho 'Adw 9 gallons a ininulo. 

The San Pedro, J.os Angeles .\c Salt Lake Kaib-ond luus (b-ee wdU in Milford; two are 
2-iiich wells with a depth of about 400 feet and furnish about 18 gallons a min'ulo eneh. 
Tiic t.hh-d is u 12-inch well extending to a dcplli of 310 foei. This has .i snrfitre pressure of 6 
pounds to the. square inch nud a (low of 30 gallons a miunle. In this well gnamd ft'iiUir was 
rtaelied a1 a depth of S feet, and ar(-esian flows were encountered ut do.plha of 170 an*l :\U) feet. 
By puniping, this well supphes 270 gidlons a minute. 

The ilrtjestic Copper Mining A Smelting Co. has four wells at its smelter st>nth of MiKnrd. 
Thwe have dei)lhs of 05, 340, 4G.'*, and 470 feel. Tlio natural How is ^iiglit, owin>^ prnbiibly 
to (lie hte4)tion of the wells on the l>eMeh ahovo iho viJlej 1m. t loin. 

The records of some of (he Milford wells arc mven on riaire 40. 

These records do not seem to indicate the presence of a t.hick stmluni of sumd or gi*avcl 
thai, would form a largo arlesian re^^ervoir underlying (lie viillej, but rathei' a luiniber of small 
rcijcn'oira, probably representing more i>r less lenticular de^wsits of snnd and gravel inelosed 
in clay. It therefore appeal's as yet uncertain whether a hu-go flow of artesian wafer could 
h(? developed, though it. is probable that by sinking several wells that would draw fn)m dilTerent 
strain consii-lerable water might, be obtahied. 

During the summer and fall of 1910 several wells were "hiven in tho valley south of Milford 
and tho water was ]>iHnped from them to sup]dy some of the mines of liio Star district. 

Beavei- Ci'eok extends several miles north of Milford Ix^fore coniiilolcly sinking beneath 
the surface. Dnnng ihe season of iiigh water tliere is « cons^iderablo flow in the stream at 
Milford, but during the season of low water, wl»en tliero is a hetivy demand for water fur iriiga- 

lion, the How is .slight. 

PHYSrOGllAPHY. 

GENERAL DISCUSSION OF GREAT BASIN STRUCTURE. 

The physiogmphy of the Snn Fruncisi^o and adjoining districts is simdm- to (hat of other 
parts of the Great Basin region, the north-south moiinttun ranges rising abnijilly from the 
bivtad fl.it aesert vnllcys. As the basin ranges have received (he attention of geologists sinc^ 
the eariv <f'^vs of exploration, and investigatoi-s differ somewhat ns to the cftnses that have 
«Prt,>c|"tbe major innnene-e in producing this type of topography. :l w.U not be out of plae^ 
tn nn-iow briefly some of the theories thai have been advan..e.l to acaiunt for it before takrig 
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synellnal valleys are fiUcd wit.h Tertiary and Quaternary detnlLis._ 
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erosiornil :igcnck>.s bt-aii the pn^ocss 
(piivin-dovvn mul thus g-ro:.t!y mcKliftf't 
the appp'.iiiinc.c of tlui l>l('ck. 

(fiir. 3) Jtiiii liic followiii.:^ briof sum- 
miu'v of his ctmilusioiiri oii the stnic- 
turo of Ihe i-imgf*s: 

Our miitw in 1871 and 1S72 w<^rc of siirh 
imtufc as 11) ema>lt?« ua to !:.x-.-uriiuIalc a great 
iiumlicT of croa.-, .H(?rtioii« of m.mntuin ridi;«'a of 
the Cordilierus in parts of Ncva.Ui, Arizona, 
Coiiforiiiu, end I'uli. Tho >tudy ot thir^o lt?d 
toM>riui.-i"'*-iiliitionr> in nv^ml to theorlgiii of rKJunl-iin ridst-s. very nearly idoiitical with tho vioWM recently mlvanc*^ 
by Fnii..I'w.:iihI-craiiU;,^ 'Wiihdiit eiileringiiptviiht'^v, tirnttcmplinj; to pi>wi\i (he material upon which they depend, 
I will brii-lljiiiiLoii :<u)j;If <oric-hwl«»ii in rt-v^inl to ihctttniu-tuni-of the Cordillcra-n-f the Weet thataconif i>crtinent to the 
tlit«:'U.-«*itiiia of K'^H'^nd onihwy now in p/i/.ffri:>.-^. 

Tht-' fi I'lioiiM Dcruniuliitoil by our jiPfiKiRiml obwrvora ndmit of tkc Inllowing rlatoiififiitiuiiri: 

1. Fi>nlia<l umnixlinaU iiicur, in vrbUh the s-'mln ou One ?ii:Ie of Iho fiiull h»v<; booa lifted, whiio Ihiwr- on the 
oppiwiiu wiiio t'iiy»«?r do imt appcTtir (n) or (lest* frequeutly) have bcL'U elevuied ;i ^<■*^-■' uniomif £&V Twu-thirdw of the 
iiioiiiit:tin rid;(i-w ciin be mforred Ui lliiy <'la.-H. 

2. Oibir r'uU.i^ uio liplifiw liniitcd liy jarallel faults (c>. and to these may be aurtignod a few inslatut-i t»l' iaol.-i(etl 
symliiialH ( J> ryrciiiTins undtT i-in-uin-ttantcs that prt'clude the iden that lh«y or*? rfninanls uiiiil Ifd by dfuudiuion. 

3. 'JViut aiiUplinuLsf.) Kro vory raru 11x1 vpr j,^ Iccjl, subwiilinry f&i(urus, but nnmy niiij-e^ utre built uf fuulted aiul 
di»lw»l(Ml PM k HLL^si'M </f, wilb an imporfei l aiin«'liii?.l armniicinont 

Ktri. only in it iinf>,vt.ihlL- to forinidmc llii>ii (esiinrw. by t'r.e aid ci any h vpothetic-al dcniKhnii.u. in Kueh a ttvat^ni t>£ 
imdiiluliniis nn.I f.iMii,-> ;-.-. ilii: lle^ri. Ro-era have bo thoroughlv demonstrated in Penn*vlviini» and Viri^inia, but 
iliy wirufluru of liio wl-Ktii ("ur- 

(lillem fv^iotn mIuihIs in :*(.rc.n.ii ^ ^ o d, e /* 

rtiu'r.ii*i 111 thiit of Uic ApiKilnch- 
iitiw. In ihu Uii-U'r roiTngatiiiii 
han been i»i\JibuM?d rommouly by 
fiildiiijj, cxrcjiiitmolly by tiull- 
int*; ill ibo i.Tim-r, eonniionly i)y 
fmiUiiig, cxrepliiiniilly by iN-x- 




FioiiHR:t.-D|aKmmofpw7«JiMimoiiiirain.r<:w^.,ii^,>»iWlrn!danudation. Atloi (iili.er', {^v 
IBM rort-xptaiiaibnoMc'twlnK > 



"uod'wi'wi!;i::'oS mZS''';^'" "?''• ^" '^^'^""'^ ^■"'^^"-'^ .^^u-nonu.... ab„und and arc huimaudv :.s^ 

' *" '"*- "pact! covfn.l ity the dij«turbc<l Ntrjta and vaguest- 



bi'low tho innucdiui 
lion of the eruxl hiw 



earth's cruel 
O upper por- 
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III IS7f> J. W. Pouvll ' ,.xi,r(>>.o.i u hoVui in the f;tiikiu- bvjxMlu^U to i-xplaht thr Ua-^m 
raugrs, sunim.n- uj, in tl.e follo-nius ^™'-ds: "Tl.c basin pidvLtkt is chunuUMi/.od bv nurdi- 
sfluth nmg.'s that arc im.noclm;fcl ri(l«^(>s ..f uplicavfti, nntl lh<^i> monocHuat liil-i-s uic s.-pa- 
fiitod by strcU'iifs of subueriiil -:,'ravols Ihat iiuhsk ihe stnutuiv (.f the jirnis of sulj&klcm-.'. But 
\vhiJe Una is t-bo ]>rcvaUli;y; ylriKLure, other typos are found." 

In 1S7.S Kir.i^= appoitrs to bavo groutly modiiieil hU t-tirbpr v'^vrii and rr>u;:riu/j's tin- di>in- 
iiiiuU Lnlluoni-e t)f fiiiiltiiig in bile j^ecilofjic timo. Hi-« wHu-s as foilow.*: 

These reraarkablo qu-iwi-ptiniUcl mounlain bodies i^puritlod from each -.^ther hy mouDlaiii vulleyH, whirh iiro occti- 
pietl by fresh-water Terti:iry unJ (Jiiitcrnary bods, arc a series of iilountairi i-laiuN lU'i'iUibovc ihrdo^Tt jilaiiw, Tlicy 
have giveu rlwe to con.-idepaMe discus.-* ioa, iir.d rJn..re i» alrf:idy coiLHiderAlde dilU'rviite nf opmum Imlwccn Powdl ;.ijd 
dilberton the o»e band and inyM'U'nn ihyoiher, • • ♦ Powell and GiKtc-rt Ii.i'.._- i-d1od :jtli'ii)iiiii t^ tlie ubuiultiit 
?videnc9 of local vertical l';\i:Iu-<and Mie m-BuIUuitdirflooAtion into block*. Oiipofthomi^-^l common tciitur'.sot iho lnuiti 
fanKes i^ a. muunliun body cnuijvjsod i>t a nweply or a g*>ntly dipijing moiiculiual iiiu>', i*dt,-t.d on botli mdcpby tli-.* huri- 
zoutal desert formatiDiiH, Ihe baric of ihe monodiiial dui?3 cniisL^infi of im-Hned jiluno:* of Ktmln, ivbilo the olJivr face 
of the mi>uiita-in body coiisiuls o! :in abmiit clilT, uvidemly llio 's<:-rM\l »( u vertical fsiuU, wbich has bcea nicro or \v^ 
modified by corapanitivoly receiit erosion, TIk; frequency "f Ihe-i' nionorliiifti dci;iched bl«i k^ L;ive3 abmidKiii war- 
rant for the Ui-Mcrtions of PuwoU and Gilbert thnt the K-yu.-n U one promiucnily rharacicmi'd by vt-rliral ac liun; yet 
when wo come to examine wiih Rrcator doiail tbe .iirrjcture of (he iiidividcftl nwuiitain rani^tv* it U r-.-i'ii that their vcr- 
Vical dislocation lock place after the whole an-j wiis comprofeaod into a great regioa of anlieliiuls m ith iiiUH-niediute 
syneliimla. In other words, it w.-.-c a i-egii,>n n( cnorniout' and coiuplictited folds, riveii in Uter linii>H hy a v:m( nerk-rt of 
verLii^-^il displ a Cornell till, "whirh h.ivt puKly eleft the anticline.!! d.>\ni through llieir uiHtlc^irol axu^. und lunly cut the 
old folds diflgoually or |>eri>endirularly lo their nxeu. 

Bunny the next 10 y^^u-s parts of (he Great BasLii were stmlicd ami described by Diitt<m 
aiid lUiaacU. The coiuUisioiis roaelicd by both ari> yUikijigly siiuiJj'.r to Kiii<;s bil.T vi.^ws, 
namely, that there was an earlier pc-riod uf oxlrnsive fnldin-, but tiiat tlio latest (lisHirbaii.e 
has bcuT. a bretikinf^ into bl<>< ky tdou;,- fault liiicri i>.nd a tllnii'.,- of these bloikb. 

L.^ier cletuUod sUidios bare shown faultir.g to be of minnr inM>ortaiue in uubv.daal ranjre^, 
but it w;^s not until 1001) that this (heorv for tho oii-in of tiio bii^in rnngfs in -euornl wan eiiui- 
lcn;:eci. It. that year J. K. Spun- ' ptibbshed t!u. e<Muh.s.o..s ho lu.d arrived at fintn nb.e-rva- 
tions made dtaring mx extensive reconnais^anoe in -Vev.uia and Califonua .u.d a .t^idy <'f ^-H' 
works of earlier invcsti^ato.-.. H. concludes that faults have had httlo effeet o. lb. pre.ont 
topogr..phy, the mai.i features bcin^^ the result of extensive v^'o^xon. and briefly sununan/.es the 
evidcnco against the fault tiieory its follows: 

l.ThofauU.suct«a.lyobservodiuthi.r<>nau>c.>mparatn'elyfe*. .Vrt«.ny«*.*ciomedli«.vyfcult. along the 

main froriU o( rr.:ip-s err exere,ii.isly r.ire. r,.„e,,,u... .u.. far a«ob«.rv.-.l, r.q„allyof 
■2. The trau-^vcn*.' f^udis which rua aeroiw the general tr.'nd of the*- mi^in r g 





a d^ct.ffeetauthotop..s..phy and bavo prodac^dMmplo fault ^.ap.. f,^.n the stand 

, . Ir. 1003 W. M. Dav. = puhlisbed the n-sultsof a ^^^^f^^Z'::^^^^ 
point of syst.matk. ph.>.s.ography. Ho sho^v. thu ^l^^^^J^^^^Z other, can be satis- 
wMoh are characteriy.ed by a steep scarp on one s.do and a-enllo.lope 

factorily expl 
stages of ci*osii 

pi. 3, 1S90, p. 1117. ^,_ 

'BuU.G«.l..SoO.AiQrric;»,vol.l2,l'Wl,p.-W. 

» BoU. H«3.Cat..i,, /.^. K-.irvinl Coll.. vol. 43, l*«. PP- l^-'- 
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block tluil is known to l.e m tl.c prwes 
In l,i» ...Kly of n,c I..,ke BoiunevJIe 
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n,..,.t will t;ikc pLice and ^h^t when it acrui^ the adjo.umg 
ViilL-yswill experience an - -.irthriiiako. 

Thp sl^^cp wftU-HUe front of tliis range and 
il.c narrow {rorgos which tiio streams occupy 
but. wiiich wcftthering ngencirs liavc not .vet 
hiHt tiinc to transform into open valleys te^stify 
tr) tlie recent period at wiiich tlio mountains 
lun-c been uplifted. With the progress of ihne 
wpftthering agencies will broaden the valleys 
und etch back the steep front, and ns old age :s 
approached the former front will be cut intx) 
long spui-s separated by bvoud flat-bottomed v.d- 
Icys. During this process the steep front slope 
^viU be worn back faster than the gentle back 
slope, and when It readies the stage of nmturity 
ti\e two may sliow very sliglit difTerence (seo 
. , fig. 4), though the attitude (»f the bods may 

ywunm.— st*m>8™ni«hc«mK*tiM:«oforaikiininbiorJ;-fiuiiiiiowii- indicate llio portitm that was relati\'ely upliite<I 
ui,^. ,.yo„««st:^r;t,:.«iu«,i«.. Af... w. 31. i.«vK. . ^^^ .^^^ ftncionl displacement. 

'■ In IWM Louderback^ published a description of the Humboldt ivgion of Keva<la, in wliich 
he shows that the mountains are due to block faulting which toolv place after the latest vol- 
canic activity, mimely, in lute Tertiary mid posl-Ti-rlinry tijue. 

* *^ ■ ' STRUCTUBE IK THE SAN FRANCISCO DISTRICT. 

Tho oftstiTii boundai-y of tlic Gi-ent Brtshi; wliich is formed by the Wasatch Hongc in tlie 
vicinity of Cnvnt Suit Lake, liinis westward & little suuUi of Utali J^ake and in the latitude of 
tho San Franci>5co district is fonued by the range of monntains cast of Beaver, ilinevul or East 
Rajigo is the ensteviinit'st, of tho typical basin ranges. U is separated from iho Beavoi* Lake 
and Star nmg^s by the brond Jlilt'ord Valley, and these, in turn arc separated from the San 
Francisco Mountnins by a liivu-filled vnllpy. The broad Preuss, or Wa Wa Yullcy, hos between 
the Sun Francisco Mountains and the Via Wa Range next to the west. 

AUth — -- 





> tton. U, S. Oeol, suney, vol. I, JtJjii. 



• jiiom, p, ;«il. 

' U>Uti«b*'*, 0. !■),, r<aa,ii.niii«i>slniiHirtofrl>c IluroMrti rr-^'.an: niill. G»ml. Pop. America, veil. l.^. m«, rip.a»-3«. 

* Ljr., W. v., Water rwcun'« of Ewiver Vnfley, I'uh; Wuici-supi-ly- l'ai*i I'.S, Goul.T^nritj So. -;17, I'AU-,r. U. ' 
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A. QUARTZITE MOUNTAIN FROM THE EAST. 
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volcanic rocks. IhuMynr^ tf.. R,av.,- Vullcy to the ca«t. nnd oxt.n<!in<,.for some .listancc up 
tiK. (Mi^tnrn Haiik of IUp ran-o is u series of volcanic flcnvs and tuffs. The CurboiiilVror.s linu- 
sioue straf=. ;uo rcprcscnuVt l.y Lcc as ahuttm- a-au,st Tcrtiurv clastu: rocks m tl.c vallcv to 
I lowest. Ih.c li-ont or western fmT. of the ran-o forms a very n.:irlvstr,Hti;ht line. «lthov-h as 
n fftuly stated, file r:.n-e is ron.iH.sed of diffrn-nt n.cks, and tlic.c have a v,irvim' resistance to 
(he attacks of weathenn-. The front, of tlie nm-c was not exanimed in detail by (lie writer 
but so far a^ conid be learned the lava flows are not eNp,wed west, of the front, and if present 
(hoy are buried by recent deposits ami are iit a nr.ieh lower U'vc! than those east, of the rftnge. 

The Beaver Lake and Siar ranges arc also Ci.ntposile, )>ein^' made np of shales, limestones 
qiiartzitc, si-anifie infrusives. and voleanie rocks. The Beaver Lake Mountains con.sist of u 
maturely di-ssocted range of iiniest^ine, nionzonitic inlTusive, rocks, and lava Hows. Thonsii Ihe 
niuge Ls in part ratiier rng<,^Ml, it siiowy few '^tecp esearpments that can be atlril)iit<-(I to'lault- 
ing, but tiie .steej) face west of Kairview Springs may reprt^enl a fault. 

Tile Star Range i.s likewise compuse<l of sediments, mouzonitic intrusive rocks, and lava 
flows, the lavas being confined largely to the western portion, as shown on tiie geologic map 
(PI. I, ill pocket,). If the lava once covered tiio entire range, lus seems prohubie from the fact 
of its ext-eiisioii well aroiin*) to the ea.st, just nort.h and south of the range, it has been removed 
from the suniiiiif and eastern part. The range shows a mature crosional topography, ihc only 
steep faccii being due to the rapid erosion of the soft shales in tlie eastern part, tiie resistant 
liniestonc ami qimrtzit^' being k'ft. standing a.s steep s:Iopes. The precipitous slope, on the cast 
side of the point extending nortliwurd from the Ilarrington-Mickory mine is; suggestive of 
faulting, though evidence other than that of tUe topography was not obtained. Several broad 
open valleys extending toward this scarp from llic west, appear to have tlicir upper portions 
cut off by t!ie scarp, a condition which it is difficult to account for on any llieoiy other than 
faulting. 

The San Francisco Knnge, like tlie others, is composite. The portion south of Squaw Springs 
Pass consists pnncipally of lava flow; (lie portion north of the pass is made nji uf hnu-stone and 
qunrtzitc. with intiTided niouzonite; ami the easleni Hank of tlie northern portion is conijiosed 
of lava and tuff. The deep Squaw Springs Pass follows a fault that separates the sediments 
from the lava flows to the south. The attitude of thcsodinientsin thcnorlheni i>art of the range 
is apparently the result of at least two movements. The intrusion of the niouzonite has caused 
a slight doming of the sediments, so that in genera-l they ihp away from the intrusive mass, and 
a hiter vertical uplift has given them a gentle eastward dip where tliey were least afTccted by the 
eartcr inovenient. The volcanic roeks to the south of Squaw Springs Pass also hu.vc an easterly 
dip. The east side of the range shows a comparatively gentle sk)pe, but the west face is pre- 
cipitous. (See PI. r\''.) The west face, like that of the Mineral Range, forms a nearly straight 
hue. and no volcanic roeks are to Ix- found heyond the front. Erosion has, Iiowever, made much 
more rapid progress in the soft vok;anic rocks forming the sonihern part of the riinge tlian in tho 
more resistant rocks to the north. 

Acro»i the \Va Wa Valley vol<-anic rocks arc uguin cne.ouniercd un the eastern flank of the 
\\n ^Vu. Uiuige. These extend nearly to the suuiniit of the low ilivide west of the Wa WaSprijig^. 
Ol?seTva.tions on tliis range were conVmcd to those nmdc in crossing if. at Pino Grovt^ ami W;i Wa 
Pfl^, but these were suHicient to show that the range is composed principally of bmeslone at 
W'i Wa Pass and of Hnicstflue underlaiii by shale ami qua-rt/Jtc farther soutli, the scduneuls all 
having- uu easterly dip. Volcanic rocks extend weU up on the east side. The west fm-c rises 
abruptly from the desert, valley, and no volcaiue rocks were seen west of the western base ot the 
range nor, in UvL west, of the summit, except south of the Pine Grove roa.l, where the volcanic 
i-oc-kg rise to ;i Mgher elevation than they attain farther north. 

Fi-'ure o (p. 26) 13 a generalized section across the ranges just descnht-d. 

From th.. above descriptions it wlU be seen that the three most prominent ranges have 
several characteristics in common. (I) AU have a rather gentle eastern slope and «" ^t^i'-Pt 
western face. an<l the formations .lip to the east. (2) The western bases fmmm ^'7">»';;^«'^^^^^ 
Les, regardless of the varying resistances of the component ro<*.ks. (3) Th. oastcm flanks of 
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Thn I'vidnnw iiuiicalin'T aiitidines \\dth norlJi-souUi Jixos m liio ninp:e^s mulpr di^r.iission i.s 




vVsHoinir,^ for (In-- numuMit. (Iiiit ihe riilj^i's tiro tlu^ suniiiiii--' v/i tuitiumi 7, .n. t..u.-v ..ul. -.v- 
foliIiiiK suI>so(|uerit to (he. formulioji of thu volcnnic am'ies, foi' Uiest^ rocks form tlio sinUheni 
parta of tlu^ Sim Knnn'is<'<) and Miuoral ritngrr^. After Uie folding prai^f icuUy tlie ciuire westeni 
liniljn of v.ho- folds wuro eroded luul. uk.hou^h the- nirii^cs iut. composed of rormations viuyioi^ dis- 
tincUy in their resist iiiwt! to erosion, tlie Ironts of liiB rnuges Imv** prearrvcd iicurlj .slriii^li( linos. 
Tl scpins Imrtlly possible tliiit llio fi'Dut of a nin^rc cotiiposod of sf>\'ond typos of I'oclcs varyius: 
miilcriiiJly in resisULnco could recede af so uuil'onii a rate. This is ajyo a point (Utfieult to e\[)liutt 
if Ifie forma of iho riingri's aro coiisiderot! as due mainly (o erosion without resirtrd to the orijjiiud 



F[<i«jTi::. I.-Oowenlbtwl Mellon tv'ra^.-Ml.;Or.l, Brnv-r r:U-.>, S:tn Frai>H-r„. an.l W'a Wa rvifi^. a. U..viH ^filimrit.: b. quurl^iu^: r, Iirnc 

dtiirie; .1, s'aiih^ < , liivfi; /, sninif <■ rwV, 

c-iuise !)f elevation. It Is evident tluii erosion has been (huuinaiit in producing the dpIaiUof 
l\m present f(H-ms. For example, (he valleys in the voleanie roeks in the s..utheni p4>rlion of 
the San Fnuu-iscn Ran-e. urc nmcli nioro ninture Hum tlioae in tho limestone ami tpmrtzite In ihe. 
norlii. Tins, however, only emphasizes tho fart that were the main features of iho ran<'e due 
to erosnm, the .hfVerene*^ dne to vanir^i.^ resistance of tlie several formations wnuhi be .till 
more pronnnent. In tho Heaver Lake and Star ranges, however, tUo erosion ap,>ea.>; to havo 

o?t n c ,ne luf T^ T ^'''^-P^'^ted as representing, either tiltin. or tho o^torn Umb 
^««e boiu, detennined bv th: f!! 1 't: "h t !; ." L! '^ T""' '^ ^i-^-^" The we.ton. 
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Mlting, ns Mie Beavei- Lake ^[omltiU^s m'hI cxpo-spd portions of Mio old n-osion tonus 

The exuet inmuu-r ^n wUirli iJio I'ault-block stnirture was brought about hi iJiis re-ion iu.s 
not been fully .lenioiustrate.l. It, is ditllcult to un.Un-8tniul how a^erie^ of horizontal sJdiincTits 
cuuh: be brolven by BUiijih'. nonu.il faulliti- and tilted to furni the innrAlel rHiiges, i.ecessit.uiu- 
an nonutil I'ault.iiig does, an increase in the Iu)rizontiil spaee oeeiipieil by tlie series. A possible 
explanation i« tliat. tJie. retcion underwent ,i broad doniiur; and thai, tiie support bein;r wdthdriiwu 
from iindernoiUh tld-s (U)nie, it broke into a serii-s of blt>e.kb. In such an (>vcrit the eastward 
tilting' or tho slral-.t niiirht be due to the orii;rin,il dip of tlie <ion:e sirurtuve inle.n.sified by the 
rehitive. sinkiiin; of tJie eastern portions of the iJidividiud bloeks. A euuse for tho donmi^ and 
idso for the eolla|>si' of tho dome may be found iii the \-oU-anie aetivity. In its early stui^es there 
may have been strong pro-ssuro from benefttli whicit caused tlie bo\\TJ)g up of "the m'crlying 
stratH, and when tlio v»st amount of lava luu! poured out on tlie srn-iaeo tlio release of pressure 
from beneath eonibiued with tlie added weight above would tend to euuye the eollapso of the 
dome. 

Liiidgren ' lias suggested for the Sierni Xevnda an orijjin similar to thai disrusse)! above, 
lus s-iown by the followiu": quotution; 

Id miuiy pub" icnf ions tho greatly iiirr«u«d gndo tw the Teniary rtvera iiiiiJ oi rlin siirfmi" oi Uio raii,i^o iia li whol*^ 
itUK-ribed to au uplift iH* the ruiffo id'Jiiu; itieeaatom br«ik, acoomiMintcd by;l t:tliiiy;.ii liii.-. iifk'il Iiloi-k. An ioapi-ctioii 
of th?'j>rv>tiles aiTu*** tbo mi^o tihown in Pl;ite [X will ensily cotivinco ihe oi'wrver lii.it wucli an exphnmliim in wholly 
iiut«.'iiable. Eitst oi Lak« Tuluw tin* ti>ti>I tllspbcpnient by tho fnultins which tx-currtjU in I:i(i< T*;rii:iry (iine juyt. bia'ore 
tliff aodeitil^c uraptiiaia ;ini<niiue<l I'l oid_v 2.200 fool. S-.ich :in uplift would be utterly iiiBiunicicii!; tii cIuiQjj;e t\w RRidi* 
of the weslora Tertiary rivt'w fmii» my 20 feet 1» ihc mile to OO or 100 ft'ct lo Iho tnilp, All thw ^IrenRflieiu* tliit beliei 
that we have hons to di?«l wilh ii roaipoailif rauvemeut, the up^vard ulemeDt alffct:liiii,' :■. Lnrgc arui Ltnd tho (low'n\va,rd 
cltmeui;. cunsisung in the lojal miukiiig of Lnu;it::« (gnibeii). 

The Mrtture of tlie u|>lift ppeccdiug the one tliut has produeed tlio dominant forms of the 
present topogi-iiphy is not known, though it is possible that folding played a part in it. 

Sine.e the u[)Lift deserihetl above the streams have earvcd deep valle^-s in the ridges, varying 
from canyoM-like forma in tlie hanler furnnitions to miiturc valleys in tlie softer rocks. Tho wash 
from these streams has been buiU- into immens(.^ alluvial cones wlu<'h border the bn^s of the 
mountains. Within the area nmpped these cones are best siiown on tln^ west side of tUo San 
Francisco liaiigo. (See PI. II, A, p. 18.) As sho\ni by Gilbert,^ the cones were buUt before 
the Lake Bonnenllo beds were laid tlowii., the ahore deposits of that lake being built upon these 



1 LiniiKren, Waldoniur, The Tt-rairy xnsvh of Ibe Start* Xcvada ot CaUfcoU*: Pnrf. Pupw f. 8. OcjI. Survey No. Ti. lOH, pM. 
> M«i. C. 8. Oeol. Survsy, vitl. 1, l*o, p. W. 
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GEOI.OOY. 

SEDIMENTARY ROCKS. 

nyOLOGIC TKUIOUS HEPKESESTKl*. 

Camhrnmtoarms«.r. t-i olM ^^^^ po,i,ivelv .lc'.r<.vnmiert sNlin..ntutioii went on Nxnthout a 

i;;.:;rs:::J n-r^n;";;:^^!:.. ,>.iaBK- 1.000 fe. .r sediments .e. ..,0^^. 

Figuro 6 };lvi>s a j;onerali/.p(! section of these stmhi. 

nitAMPlAN- UMKSTOXK (CAMllRIAX? AN'!* OHDOVICIAN). 

Dhtrlhvl^on.^'TUo lowest formation reco-niz.-.! in tlie re-ion is the limestone of the San 
Frnneisc'O Kan-f . ^vhieU will l.e vnWed the Grampian limestone, after Grampian HiH, which is 
compute.] (.E this formation. Tlie fovmulion is sepnrateil into a nortliern nn.i a s<nitliern 
n.niion l)v the nion».nitc nmss whieh forms the rid-e for some distanee north of Crrnnipir:!! 
m\. Tho liniest^.ne extends wcwtwurd from the summit rjf Gvampmn llill to Wlute A£ouutain. 
AbonI 2 square miU-s of the furnnaion aie exposed in tliis mass. 

From a i)»int about half a mile north of the Cuotus mirie this limestone forms the western 
portion of tlie niiiu'e to the northern marLMn ot" the urea mupped, a distance of over 2 mdes.^ 
About ''i\ square miles of the formation have been mappi-d in this mass. A small body ol' 
limesKine, which is possibly the sumo formation, is exi)oscd south <>f Squaw Springs Prtss, 
niidvinj: a total ihti\! extent of nearly 5 squiiro miles of this formation in tlie lange. 

General rbann^tfi: — The best set^tion of tlie Gnimpiun limestone is on the stce[» westerly 
faeo of the. ranpe muth of the Indian Queen mine, where about 1,000 feet is exposed, the nppev 
bouudiiry of the fnrmiition Ix'in}! determined by the overlyin<r quarizite but the b:usc being 

■ fe nil I. T 1 r .1 J* 1 1111T1 II '^'1- 



-■\i. tue iiiuiau \^u(n.Mi vmmei, iieur ino nuse ui rue lurmaiiuii as exjKJseu, occur some tniil 
altcrnaUii^ l>eiU of siliceous and cnlrureous shales. Tlic stnitaare of diiTerent cohirs and on 
weathering the varied coloration becomes more ])rominent . This hiis given the r»tek a prououueed 
bjtntlcd appearnricc and has led to the local term /.ebra roek. 

Locally the lirni5stun?3 are siliceous or eherly. This condition is well shown ivist a-bovi 
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Harrington formation 



Elephant limestone 

!.He<i!ry-(>fdd:d da'.omitir and vtioeo'u^ (uftrtfoi!*-) 



1 ^Tdismaii gu^zite {F;waramed pink ijuaruiU) 



Topacbe limestone 

ifffavv-brildcd biut linicjiloiie u-itA Uia of Jiate at,d elurt) 

^ Mowitza shale ' " " 

\ KQilcoTKnif, ii.nl^ interMratjncd witAlInn bfda gf !,^ ttu>nt) 

Red Warrior limestone ' ~ 

itlcavifbaidid b'.ue indgrvj lin.^sti/nt, in part dohmUic- 
Unfd ty qwxrizitr lunr bast) 



Pennsylvanian 

(?) 

Mis3(3dippian(?) 



^1 



Devonian 



Morehouse (?) qunrtzite 

KFi^it-gntivti pi\kwh qinrtiite anfamns rnnejiHt tiliftws 
ahaU) 

This i)uaruitein the Star diatrict ia believed wbe reptcsentod, 
at leftst in ptut, in the uppcrpartiimoftiic Morehouse 
quartziteof thefViaco diatric'. 



Morehouse quartzite 

(Fint-araimi pink am/ white quartiU* vitk mmh tl,atv Ms) 



Silurian (?) 






4000 



Grampian limestone 

IHnuy-htdtUd biue and tjray limaUi'r^, in part dolmtitic, 
with iinty akaie at t'iC top) 



Ordovician 



|_ (?) 

Cambrian (t) 



FrrjUKB (j.— CrLMiualiix) MWllon of tiia srJinii'atary nTltfj in Ihv S.111 FrsiirUcu nud liiljMvnliibtrkl,-*. 

and quartzites, iiud finally into the heuvy-bediled white quurtzite of the ovcilyinfj forniiitirMjj 
the Moreliouse quiirtzito. Oo the geologic map tin) shuly beJs hiive been iiicliuled with tlie 
Grttiiipiiiii limestone. Severnl of tlie limy sliale beds curry poorly j)re?ervpil fi^ssils. 

Near tiie luonzouite contiict the rock hus suU'tfred oxtensi^'e altorution, varyiuj,' coiisiderubly 
ttt diff«i*nt. points, Easl of the laiponMl niine it ajipoai-s in the field to hiivc botn altered 
ithnost eutireiy to « reddisli-hrowii gurnel, thou;^li on microscopit; oxiimination othe]- niiiionvls 
ure found to bu present in cousideiuble quantities. For a considenible distance wost of tlio 
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abun.lant allcnitian p.xKliH--t. f-"^:'"l^ .t-" J'^^ 




Spi'fiiMf'iis of ilie. limestone <:< 
Stuijxcr un.l fuiind to have the following; compasiti.Mi: 



1 iTVjUUln" 
linntlaiic 



Gray Uwl- 
\icamiate. 



BlOt 

AliOi 

if«mH. 

Y'tO 

MliO 

(W» 

SaiO 

KiO 

llrfJ- 

ll/>+ 
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15.11 

3.7H 

.30 

I. OB 

7,«J 

33.0& 

.(• 

,m 1 



11.118 
.IK 
.19 

.■i7 

ri.iA 
.us 



TlOi 

CO,. 

!■.'>. 

rtts 

MnO 



lliheitHut. 



.30 

.» 



Spurinc itmi-liy. 



l«tJ8 

2.n 






Nona. 
•M.IK 

Ndo*. 
.OA 



100.31 
3.«4 



CmuVtifiUJi of disposition.— The gvetif. thitUne.s.s mul unilonnity of i.lii.' Gnimpian liinciitorie 
iiuliciiti'. (hipositioii in a Irtrge body of water, and tl\i' absi'.nce. or .scarcity of fossil remains oxcopt 
in I lii> iipptn- iK'ds points to iu-,cumnlatioii in deep wattM-, probably at a distanco front slioro lines 
and under (conditions not well suited to iibundiiuL nmrine iit'c, The beds of fine ahaly and sili- 
coous limostonrs ut tlm Indian Queen minu, near the btise of the formation :us exposed, indicate 
sliidlo\v-wi:fer and nrnr-shore depoyition with aVv^ht fluctuation. The p-iulation from limestone, 
thi-itn^'^h slialy limestone imti limy shakes with interhcdded lenses of qiiartxite to qiuutzilc ihaL 
is sho\\'n in the ti-ansitioii from iho G!'ani]>ian llmeslxme to the Morehivust*. qnitrt.z,ite poinla to a 
ehnnjrc from th'powition at a distam-e from shore to deposition close to iho shore line, and the 
presence of marine fossds in tlio upper beds indicufeii shullow-water eondilions ciimparwl with 
thone jircvailin^ during tite dopositicin of the main body nf the fmmation. 

Afff. — Tn the Ornmpian limestone the only I:ori/.<m at which fossils thnt proved of any 
value in ajxe deicnniuation wcro found wiva in ihe limy shale lying between the quartzite and 
lime. Fossils from those bods wure collectett in lOO-S Iront Biurcl Canyon, on the cast side of 
the nin;;r, and m-ar ilio liuK'stone qiiartzite conttu-t on the ridge, east of the old Indian Queen 
wnrkin-cs, on ihc west sule of tlie ran^e. The following detenninations were mmte by E. 0. 
lUrich from the materia! tMlleoled in the laHer locality: "Gastn)jUKl. very poor, sucgesting fl- 
Murlurea likf?r .1/. (Kranti. Frn^uKMifs of two orlhoid sliells and vei^ imperfect pyddinnrof 
trdobitn, .dl loo poor to risk evuntfcnecic determination." Onc-fourtimf a mile soiith of the 
nortlicrn »M)und«ry of the area mapped, in the north-south v.iiley, were found '^ramulels suf'-'eat- 
inj: nutbo'.rcphis." " ■ »» 

or the collection from Die mouth of I^arrel Canyon. Mr. L'hich makes the f.>Uowu]cr staU- 
ment: " I his lot contams immeit.us fragments t.f orthoids and (rilobiu-s. They are^not in 
eondiMun tu detormin. :.,)e<-ifically, but onoU-h i.s shown t.,» establish the .i"e of tlie roek as 
upper (T middle Bcekmantown." '^ 



mi 



a on tlK>e Mr. LUnch makes the followiuy report: 
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f.ol 3()7: 
Ei-cylioptentP :.p. nov. (ne-ar E. vohiiAi-itt). 

I-'-pcrdilift f=i;. nov. (nciir L. fiilniMk'O. 
T\vi)6«ni;i]l iiiutetfnmriL'ii OsIhumI;,. 
Lota 380 :uul ysi 

OnhU .sp. unv.? Oicar O. lrifi'niir;;i .. 

0rlhi3 loQciisin? 

Orthijf iMijronipviiMis. 

IKibprU'llu I'f. viiti^jriM, 

niii.irt.hi» sp. nov.? (cf. Strcptoriiynciui^ minor Walcoti). 

Piulowiirthia sp. uiidel-. 

Eiiomphftlito? sp. midet. 

OrtlKir-eraiii Hp. nov. 

Aiiiphici f-p. undel. 

Trilobilcof unt'crt.iiii affinilits. 

LfcpordilLi bivin. 

Lc)ierrii(i:i pp. nov. (near l„ uIjyliMw). 

I'lmr or live Biiiall. undyiH-ribed OH(r,u!odii 

Ltpt 3S1A: 
Aniphion (levadcnsih. 
Aii;]»hion sp. uudcl. 
ICccyliupttru^ ["p. iiov. tfuine in lot 367. 

It is HI. parent from tlie iosm] rvulenoe prosented rluU the iippprnv.st beds of the GrHn.tpi:iti 
hniestoue are iH' howvv Ordoviciaii ajje. No fossils were coUccled lower in the foniiiUiou. but 
it seems probiiblo that, tiie lower part may bo Cambrian. This viow is iield piirtlj betMiuso it 
sceniy unlikely (Imt 4,000 feet of limestone wu.s deposited in Ordovieian time previous to the 
de|>osition of thi; shales enrryini,' Oh-.v/.y or Betikmtintown fos-^ila iiiul partly in view of the fiita 
that there is a litliologio simiiiirity betwci-n the lower purt of the Grampinn limestone and tiie 
upper (iiirt of tlio limestone exposed in the \Va Wa Kaiijce (o the west, from whieh fossils of 
Upper Cumbrian a^e woi'C eollcL-ted several tl;oiis;ind feet below the top of the formation. 

MOltEIIUlSK QUAUTZITE (OKDOVICIAN AND SILUKIAN 0- 

Dhf.nbuiio/1. — ^Tho Morehouse quartxite. iitimed from Movehou.se Oiinyon. on the enst .side 
of (lie San I''rniii;.ise(t Kaufic, where it is well expensed, overlies the Gram])iiin linu\'<(one. and 
forms tJic^ sununit of Uic range north of tho monzonite mass. Like the vmile-rlyinj; limestone, 
(he (jUiirtzile has been separated by tlie intrusion of tlie monzonite lUKi the subsequent erosioti 
into two disliiict bodies. The larr^er urea extends from the monzonite muss, a little east of 
iioith of the Cactus mijie. to the northern b(H'der of the tiren mappod iind forin^i « largo part 
of the ninj^e atill further north. Tlie eastern boundary of this area is imeertiiin, as the eontact 
between the <nuuTtzi(e and the lavas is deeply buried in qutirtzitc flout f(U- a eonsiderable part 
of the distiiiiee. Several onterojis of lava near the contact, toilet her with outcrops of the 
underlyinj^ limestone in Barrel and Moreliouse canyons. Iiave, however, made it pissiblc to 
indiciito the probable limits of the fonnation to tlie east with considerable eertainty. Within 
f>io area mapped this body of the formation (n-eupies about 3 square miJes. T?io second body 
is south of the monzonite and forms the euppini,' of the ridi^'o east of tho Tm[)erial mine. This 
body iri but a fraetion of a squuie mile in extent atid a few hundred feet in thickness. 

General tJiuraet(r.— -The best expostn-e of the quartzite. us of the limestone, is in the west 
face "f tlie moimtains. There has been eonsiderable slumping (>f hir^^e blocks along this fiu^e, 
appflrt'ntiv due (o sapping of the underlying limestone, wliieh makes iUo determination of the 
tluekness'of the beds uncertaiji; furthermore, tho steepness of the cliff, which is praoticaily 
inaccessible, renders a careful study of this fiwe exceediuf^Iy difficult. As measured m the 
eross section of the range thnmgh Quartzil* Hill, the fornuuion has an apparent thickness of 
about 2.000 feet. 
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, ,, .1 i,,„„,>f il„. niiTt/.itiMscxpo.'sca in Biirrcl iiiid -Moroliouse 
TT.,.„ ti.o f'too .if thn mountain is miu ti ift-s piLiiiJi.'"- ... _i._ 




^luirn[y, i.^ pink quurtzite wlucl. extends to u.c sumcui u v^.-iLuui ,...-,......., ... .,.-. ^.. 

tho lower portion of the pink quartzite tl.enj aro several beds of red and reddlsh-bro^^^l shale. 
These rocks show a fine stniUfication and an unperfect shity uleava-e parallel to it. ilicy 
weut.her retulily and by allowint; the slumping down of the interbedded quartzite ha\'e caused 
the rapid broadenin<:r "f the vuiley .ibove the white quartzite, through whJoli tlie streMni flows 
in .1 eanyon. T!ie same bedw of shale are well exposed on the flat top of the ridge above tlie 
Gohlen Keet' niine. Nenr the top ot tlie forination as exposed the material is eoarser, a tew beds 
of confjloineriitx! conqii>sod of quartz pebbles being present near tlie sunnxnit of QuarL/.ite Hill. 

Soutii of tiie monzonite mass only the lower portion of (he formation, tiie white quarlxite, 
is present. This roek, like that to the nortit, is unil'orm aiKl fine grained. It appears to 
contain i-ut.hcr more iron than the northern beds at the same horizon, as on weathering it Ims 
u distinct pinkish color, well shown where the Imperial trail crosses tho quartzite float. 

Conditmns of deposiHon. — The conditions of deposition din-ing the period in which the 
great body of the Morehouse quartzite was laid down were essentially uniform, as is sho\ru 
by the ch.araeter of the deposits, the only \'^ariafloTi from the line-grained quartzite being a few 
louses of shale and conglomerate. It is evident tlnit the quartzite was deposited near the shore 
line of a land area ot considerable rcliet. 

Age. — The only fosdils eoileeted from the formation were a few indistinet forms from the 
shales near the base of the pmk quarl?Jt<j, These proved of no vajue for age detcnnination. 
The only fossil evidence that bears distinctly on tho age of the formation is that of the shale 
beds between tho undevl>-ing limestone and the quartzite. These beds in the mapping have 
been included in the Grampian limestone and, as ah-eady shov.Ti, they are of Lower Ordovician 
ngc. It is probable that a part at least of the quartzite was deposited in Ordovician time, but 
Iberc are lio data on which to base a separation of £he Ordovician and the supposed Silurian 
above. 

.'?/ra/i:f^ra^./acr(7fl^ia»s.— Nounconforniity was discovered between the Umestone and the 
quart/ite. On the contraiy, there seems to have been a rather gradual change from the condi- 
tions favonng the deposition of limestone to those in which quartzite was laid do%viL In the 
upper part of the lime^stoQe formation beds of shale a!t..rnate with the limestone and these in 
tJin give place to more sihceous rocks and finaUy to quartzite. 
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si;niMF.XTAnv rocks. 




to one-hallMnd, in thickness tltem;u:iHr„'^''T '•"' '^"'"^-^ '""''^ f'™^ one-fourU 
distinctly da,Uo>- in .oloi. The To fhow ' ! VI ' 7™' "™"'r ' ?^'"' '^"' '"'^"-""' -"'""11? 
uppe.- part the bods arc .nore sh, y ™ '" , J r ,1? '"'■•' "■''''" "'V"^' ""'~^^' ^"•"'■'- ^" '!'« 

simila^ff n"' "-^'^^^'"^'^-'^-'i^i^- conditions ,.uclor which ihi-s qua.i.it. wa.s h.id Jo.t. wore 
Zvi ' those prevadmg when (be .Vor.house quart.ite of the San.i-Vuncisco ll.nre -^ 
d K>.Uoa. At tho close ut the period of sandstone deposition there w.. a re(urn to ..omhti n^ 

tSimtllLt " "'^ '• "^ ''^ '""'"■ *" *""^^ ^^'^^'^'^"^^ '^"'■^"^' ^'- deposition of tt 
/l<7r,-Xo fossils were collected from the Morehouse ( qnurt.ite, und it. a^r,, can tlie.-ofore 
be deU'vm.nod only by Us relation to the other fonuations. It is believed that aL least (he 
lower ,>oruon oi the overlyinj? limestone is Silurian .md Mie quartzite is ronsidered to be of (he 
sainc age. . . 

Stmii'jraphic relatione. -^\^ the base of the ciuart/.ite is not exposed its rehition to the under- 
lynig foraifltion can not be po^tively .stated, but it is bolieved (o be eqiiivnleiil to the upper 
portion of the Murehouso .pitiitzite. To what extent, if any, it diiplicatos the upper part of 
the quartxito as exposed in the San Francisco Runj^c has not lieen <le(erniined. Tliere is no 
rccogni/.ed uncouformi(y between the quartzite and tlie overlying limestone. The transition 
shows a j^raciatlon from <iuartzitc throiicrh more or less slialy niaterial tu limestone with lenses 
of sand)' material and finally (o massive bedded lime. 

RKD WAKRIOK LIMESTO.VE (aiLLmiAN? AVD DKVOXLVy?). 

Dixtrihttlon. — TiieRwl Warrior limestone, named after tiio Ued AVarriorrauic, located in the 
upper beds of tliis fornmtion, is exposed in a lielt averaging froui one-half to tlirec-fourths of u 
uiile in width alonjj Lbo western border of the Star district. It is underlain by the -^forebouse (?) 
quartztte, Lhoiip:li the contact with the quartzite is covered by volcanic rocks throughout tho 
greater i>iirt of j(s extent in the district. It is overlain by the Mowi(za shale. The eastern 
boundaiy nearly coincid<*H with the line fonned by the group of mines extending in a iiearly 
norflt-soiitb direction thi-ough the Star district, including the I^ady Bryan, Ifub, Moscow, Red 
Warrior, Mowit/.a, and Klephant. Nortri of Elephant Cntiyon (iio formations have been faulted 
to the west; the Red Warrior limcstouo appearing in a small area s*juth of the Hoosior Xioy nine. 
About 1 s<[uare mile in the district is covered by this forniMlioii. Owing to the po<.)r cxp<xsuro 
of the base of the Red Warrior hniestone (he thickjiess of tlie formation cnii nut be deternuned 
accurately, but it is appruxiuiaLely 1,500 feet. 

(tinfral charnHtr. — The Red Warrior limestone for the nio^it i)art is a heavy-ljedded bhie 
dolomiti<'. au<^ in part rather siliceous limestone. In (he lower portion lense.s of quailzite are 
prreent and in tlie upper portion there are ft few beds of gray limestone. The limestone hn.s boed 
intnided by (ho granitic roclcs of the district and in part Iiighly altered and recrystallizcd, 
thouirb contact niinerals have not formed abundantly. ].o<-«lly tbo Iime«lone lias been silici- 
fied To a cherty material that resembles to some extent tho fine quart/,ite Iensi>s in I ho lower 
part of the formation, hut if these silicified areas are examined <-losely if will be founrl that they 
do not conform to tiic limestone beddiug, but may cut ahnos[ directly ucix>ss it, as is well shown 
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... of .he La„y B^^an .nine in the Top..h. „„..,tono (C,Kbo.ife.,u.) , where the .a,ne actio. h„. 
"''"«^^L. 0/ </.;>«.;&« -Durin, the deposition of the lower porti«. of tl,c f;^"^^^;-'- 

^'""V' _Fassils\vo^-e not found in the Eed Warrior limestone and it is therefore impo.sd>e 
to deiJvimne it. n<^c. on direct evidence,. It i. immediately overlain by the Mowitza slide w ueh 
carries Drvoni.n fos.iJ., and it is tliemforc Devonian or older. From comparL^.ori ot the h h- 
olo-ie s<iecTs.iori of the beds nnd those of northern Utah, as is sho^^ii later, it seems pvohahe 
(Jurt ftt lea.st the lower portion .-f the lied Warrior limestone is of Silurian age, and it is equally 
prol>Bhle that the upper ]>or:.ion was laid down in Devonian time. 

Slr<itl(jrapUc iTJMiiom.—So far as can be doU^rmiiied from the poorly exposed eoiitucl 
between the Jicd Wun-ior limestone iind the ^[orelKnlse( quart/Ate no unconformity exists 
btaween tho two, the change in sedunentation from sundy to limy material being ratlier gradual. 
Th(^ iMowK/.a shale lies exmlorniahly on the Rod Warrior limestone, the change in conditions 
of sedimentation heinj; slight. 

MownzA snAi.ii (devonian). 

Dhtrlbvlion. — The MowiLza siiale forms a narrow l:>and extending north and south tlirough 
(lie Star district and marks the line ah)ng wiiich some of the most important niining develop- 
ments of (lie distiict have taken place. Tho formation is 3*3 named fi'om the fact that its most 
jiromincnt outcr<)p is ou the saddle just, nortlicast of the Movidtza shaft. From this point it 
can be readily followed north to the east-west fault near the Elephant tuimel. North of the 
faidt it is residily recognized just nortli of the Iloosic-r Boy mine and can be traced for a short 
distance ti) tlte point where it is covererl hy the lavas. Between the Elephant tunnel and the 
Iltiosier Boy mine (he rock has bceji much broken by faidts and it is not possible to trace tho 
viiflerent formations d(^nnitely. 

South of tho Mowitza mino the forraation can be readily traced past the Ked Wanior mine, 
where it is well exposed in the giilch southoayt of the sliaft, and thence to tho ^loscow mhie, 
wluu-e the best exposiii-e is near the assay ofiTiee. South (.f this pomt the rocks are considerably 
altered, Iteiiig in th(^ vicinity of extensive intrusive masses, and the different beds are less easily 
rec.oguized. The shale bed i)asses near the Lady Biyan mine. Here its lithologic character is 
not so apparent and fossils were not fcnmd \i\ it, l>ut fossUs collected on the slope about halfway 
iM-tweeu the l.;u(y Bryan shaft and the summit of the ridge to the south proved to l>e h)wer 
Carboniferous and thus t(. belong to tho overhang Topachc limestone, a fact which indiwites 
hat llie sha is present lower down. This fact, together mth the position of the bed as rela- 
ted t(. the ohrM-ty be<Ls in the Topachc linxeslone, leaves little doubt that the ^ro^^it,za shale 
exiomis tiirouglinn- southern part^of the district near the Lady Bryan mine. 

■knesa. 

dth tlain 
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(he shT IV !!'!';;" pf^'i'^T '!^« ^'"'If '^ •' '«'J "f ligt't-gray limestone that can be traced xdth 
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SEDIMEKTAIU' ROOKS. 

Collc-otion made near the a^^y ofJVr. of llie Mcs-ow mine- 

Craiii;;',' up. 

Ciiruiirolcechiii ri. roiiiv.wUi. 

SpiriiVr disjuuclKs. 

Nuflcospirj conciiiiia' 

CV.ll.vnanH .nudo «l.>n,' the o„,.rop Ix-hv^^u ll.. Mowit., .m<l Kl.„],.,u mir.e,.' 
reiicsU'llii -^p. 

Ril(irnhti[»<)r;i .--p. 

Ciiin.id stt'ius. 

pHxlii.-lpl!;!. Uirjn- si>ccic», 

Cnimiroto'cliiti < i. ^nuirafUi. 

Ijfiorliyn. lnLs uu'.lieM.sis. 

Schiw^plioiia strijuiilu. 

iHrlnn-hcrlullA iheimiiijiiT^w. 

AlhyiLH i'<)l[»ni'l(H'iiai.s'!' 
Rpirifcr ci. urgyiitanii,^, 
Spirifer disjunc'.iiij. 




eon liowstoiio of northciiatcrn Utah. 



A ct)lIcclion from tlx> l«'(is oast i)f tho nnnsici* B(iy miiin imd norlli of the. Klpplmnt Canyoa 
fiuiU. c<)ntaiiied Spirifer disjundu-fi, intiicatm};: Dovoniuu «i,'o, niul tliia ovicU'iiro (ind tho iLtlm- 
ii>gic ciiaracter of the beds shows tliat tliuy are the continuation of the >(owitm shulc north of 
tho fuuU,. 

Sf.rniigrapMc relations, — 'i'he ^^o^vitz»i slialo is coiifonuaUli- with the undorMng Ked Wanioi- 
Umt'sfoiie liiul (ho ovorlj-iiitr Topiichc liuicatone, the ojjoch in whidi it wus luitl iUtmi ri'iJi-osoul- 
ing but slight differonoos In oontlitions of stHhmetUntioii fi'oni ihoso pi-pcpdinf? and following;. 

TOPACHE MMK.S1X>XE (c.UtUOXlFEROITS, .MJSSlSSiri'IAN 0- 

Bisirih/licn. — The Topucho liim'stouo, nnnii'.d frmn the jn-ominont jirak lormcd o: it, 
ovi'rh<'s tho jMoNntza shnh) and is overlain hy the Ttdisniiin qrir.rtziU:. It forms a bolt iiu)re. 
than lialf a miJe \\i.i\o. cN'tenditif^ thrcnigh the central part of Iho Stiir district Hjid covoi-s iin iireii. 
of about 2i square miles. Sevenii of the ore deposits of the disiiiet hit. in this fomiation, 
includinj^ the Wild Bill, Cednr-Tidisman, Miimmot,]!, Coituuonweidlh, Progi-essivo, and St. 
Maiya. The hoa\y-'.)edded dolomitic linnestoiio in tho northern part of the Beavc^r Lake dls- 
triet is posisibly t<> lie corrchitoil with tho Topae-ho litiKrstono, though ovidoneo of its ago ^\'iis 
not obtained and it may ho cither younger or older. 

Genernl cltamr-ttr. — The !o\\'er beds of the formation are heavj'-bcdded blue dohiinitic lime- 
ytones, wliich p;ive plac* near the center to slialy limestjtnes and the^e in turn t<» jjiliceous and 
cherty betis in tei-st ratified with linirstono and ahales. The ehcrty l>eds where the edges are 
expose,d in the oanyou have a pn)nouuc^d handed iippeariinoe, (he stnitii vai^in^ in tliiekriess 
fi-uni ti fp^^' inchi's U) a foot or more. These beds iiro readily reeo-,'uizi.Ml throughout (he duitrict. 
Overlying (he cherty bods are l)hie iiinostone !\nd a few shaly Ijeds, the limetifone hee(»tuin|]: 
distinctly Hilicoous as it approachea the Tahsmaii quartzite. The fonuutiou has a thicknciirf of 
about 1,500 feet. 

Condition,^ o/rfcpo-W/ion.— There was no marked chang^^ in the con<hlions of ueposillon in 
Tonaehc time from those prevailiui.' hi the prowding epoch. Slight variations permitted a 
oh-in-'E' ill charaeter of sediment from liracstonc to limy shades, and several himdn^d feet of shaiy- 
and si]iceons beds at about- the eenlor of the section indieate a eoiisiderahle period favorable 
to the deposition of claj-s and sands. 



■r. or THE S^V FRAN-CISCO BE-^ION. CTaH. 
UKOLOUV AND 0». DEPOSIT. 01 THL . , , , , , „.<■ heds 




Ptoatirtusftff. hurlini;"snei)*ii«. 
SpiriforHlriiitus-iar. iiiiuii.s<)nt.Mit*i('. 
ReMfuIiirift rooijcre'isis. 
Spiril'eriJia aj). 
Comp<:3ilrt'' hi>. 

DcrWy;i s\>. 

pRKiuclus pikifonni*. 
PrfMlui-lun lift semiroiirutaUw. 
IVxluclUK ait. adairoiiHU. 
apirifcr .in. keokuk. 
{'Koihyridiiia aff. suhlamcU'w.i. 
f'yprinmlinm =p. 



Lin^ulft «p. 
(;hon^!l'::rt? ap- 
pn)(l'.ulN-»piiii'''i'"w? 
Product III* iirt iiittiiJw. 
procIiK-nw aft. »)iirliiiSioii«iww. 
Spirifcr rfniniJirit'W. 
CV.nip»-i(a ttff. immaiiini. 
CliolliyrHliiiu mif^yi. 

I.ol r,Il; 
Mtiiii'pbyllum H]'. 
Criiioiti Hluiiii*- 
KcriC'HU'IIii !«!>- 
Srlii7»pli'>ri*afl. HWrtllow:. 

U in diin.ul. lu <iot.n,.lno U.o ...ct p«.itiou of thcc f.....« in -h.- ^.>I.^ir .column. They -;/;^-;;;]^/^™; 
sh»l.- an.ris .ipimirntly ovm-ium .;onlWm!ihly by llio Tnli&miin quartzilc. 

TAI.KSMAX (JUART/ITF. (PtIN NSYl.VA N lA N ?) . 

A/;v/r(77'//;.on.— Tho Tiilisninn qiuivtzit<\ lumica fvoin lUt- TiiUsmun mine, iieav wbicU il 
outcrop,^ Ijronntionlly, iorius il band Ik^s thaa oiic-oighth of u niilo iii widlli cxtomlmg cwiwAy 
acn>ss t!io Slar liislricl, though broken by the Elephant Ciinyou ftuiU nncl nlso by a fault nbout 
half a luUo north o{ the Kkpliant Canyon n.iul, so that it now hna the appearance of u sonos of 
lenses in Uio linitwtono. In the portion just north of ElcphsMit Canyon tho ftinlt zone i.s not 
rejnUly (letonniued imil Iieds of limestone uppcav to lie between lonsea of quurtzitc. Tho suc- 
cession of overlying beds, however, leaves little douljt that the central block has been torcei! 
to the west., 

Gemral vhiracttt. — Tho Talisnnm t|uartzJto is throughout the district a rather fiac grained 
piidc rociv coui|K)9Cti of rounded qmirU gruii\s, It is not uniform in thickness, liowever, but in 
pjenerali^ lliimiest toward tho south. To the northitbeconicsniorcsVuily iji charuclcr as it grades 
into tho linu'slono. h\ tho central portion of the belt it is about 400 feet thick. 

Oomiiiioiiit of drpoftiliov .— Ai the elnsr. of tho Topaeho luncatonc epoch there was a porind 
of ncar-shoro dn|)osition during which the Talisman i|uavl/,ilc was laid down. To the south 
the- trnnsition appears lo Imve been rather siKhlOri, rosultinj; m an abrupt clunige from the 
tU'iH>siti«in of liiny sodiiiieiUs to tliafc of sand, and the votuvn to the deposition of lime seems to 
Imvo been equally abrupL In tho uovtlicru portion of tho tlistrict the change was apparently 
more ^radnal and conditions favorable to the deposition of siliceous scclunents ])ei-slstecl for a 
much lon-^.r tune; hi fact, the ovcrlyiii^ beds in that par*, of the district arc distinctly ^haly. 

.1,7''. No fossils were fouii.l in thoTalisniau fjuartzito and it U thoTcforc impossible to state 
from du-eei evidonce the ago of the formation, From ft comparison with fornxat-ions m otiier 
parts of the Slate, as shown bolow, it is believed to be of IVnnsylvanhm age 







:?EDI.ME-VT.\UV ROCKS. 



KLEPIIANT U:sh:KTO\E (PF.NXSVl.VANrANO. 



I' I'H^a u-idtli of oue-fo;inl. (o ono-half of a milo. "''' ' "^^' "^ ^''^■- ^'^''^"'^•' qnurt.Uc. 




-Ige.- Vn^sJs « oiv .■..lloct.',! unuKHlialcl.v sibovo the quiirt^iil,-. imvii, „f Klonhnnl. Canv( 
<io(criu.noci l>y (i. II. Girlv i>s follows: ' ^ 



KehiiKM-riiiua? sp. 
H!ioml'i.ip(ii-.iV iHp, 
I.i(X'li?iiiii"' up, 
Prni] iK-t ns ^ii'mii-ei if-iibiu«. 

A coUertiou msnio near tho top of iho formution in the cunvon west. ,.f (.lu> Silvor Ilom 
mine coTitiuiicd tho folhnnng species: 

Stcnapor."',? ap. 
Rlion;l)opor.i? sp. 
MookoiKtra yj). 
t'lioneies sp. 

Pnxlmnis aft', iongispiuu:;. 
PiXMluctus, two sp, 
Squrtumlaria a\i, ptrplrxji. 
Spiriferiiia sp, 
Composila uff, siibtiHln. 

Mr. GiHy snys: 

The TofiaclK! linif^onp in ilalitholi^Ir nnd pftIPontol%*ir fcaUires, i» f^w^c^'ive of tliv '"Waialoh Iiin**Blone " of 
the \\"n«i(ch Mounliiin ««^rliiin, wlikh soom« to K'prcsPijJ bolb upp«'raDd lower Hkiissippiiin time. So »|.«o ihnTiilirt- 
nuii: quaruiti? ;',ii(I EU-pIioiit limCKlouc* vtrceiig-^;co«(ivc, lithnlogicnlly, of the WyLer quiuizijeiind "L'ppcr Ci>:il iJciiHurea 
Umesione" oi llie ciuue fiettion. The "fpppr CoiiI Moostiif.-^ Hmoslonp, " howi-vi-r, (untiiiriK a Itigfalv- c'b.'nH'Icrislic 
a*X'iublage of spi-ek'n linviiic a dct^Klodly (iilToreni tarics from iJio fimnii of iho Elcpliiuif liin(?aiime. Ii &■■ hia uiorc 
lirol];il)lo, therefore, (hnl the Itiitor corresponds lo pari oi the Weber which conlaiiia i-alcjipeouH b«i«. If such w th« 
I'^sc, the abfcncf of (bo "I'pp^^rCooT Mefumres liief«toot;" beneath tlieTriye»iu'ijujjg(.'n(iit an imctmftv'HUty ut lb is horizon 
of which thei-e it* evideace elsewhere. 

Siraiigraphic MatiGm.^'So imcoiiformily Mas rccosnixed boUveoii {\w Tulismiui iniarly-ite 
ami the Elophunt limestone. In the northern port of the uislrict, cspediiUy the transition is 
nilhcr g:i*acln!il. Likcwiso in llic field no unconformity was nx'-ngiiizoil bolwt'on Iho lijinvtono 
iinj ihe overlying Harrington formnl-ion, though thcro in a iiithor abnipl ami ninrkod change in 
the cJtartict or of the sediments, (riiil from tho ijaJeontologic oridoiice. Mr, Girty has suggested the 
probability of an imctmformity. 

JIAKHINOTON f-OnsIATION' (TRIASSIc) . 

Dlslribution.—Iii tbfi Havriiigton formation. nKincil from tho Uin-rinj,'ton-niokory mine, 
whicii is dcvolopnd in it. is inchided the entiiT. eonsoliduted sodinu^ntary series above the lOle- 
phant limeslone. These rneks nro not niiiforni in chanteter tliroughoul., but the paleont.>Ioj;ic 
cviclcneo has given no basi.s for tin ago distinefion and the lithulogic character dors not differ 
sufficieutlv fro warrant t\ .separation on that basis. The formation shows a thiekin-^s of about 
.>,000 fcec". It oecnrs oatirely in the wwtern part of the Star district, owjupyuig about 1 K square 
miles. 



gg tiBOLOGV .\SD ORE DEPOSITS OF THE S.VX FnAN'ClSCO riEGION, UTAH. 

Oer^ral charartfr.~M the base Is a series of iliui-bediled reil imd ^-ny shales, showiu;T 
l-lpplo marks an<l fossU ruin dvopa. Thfso shales ur*> frinhlc .wkI ^eatlicr reiulUy, givmg rise l<» 
the low rclicsf hi this pnrt of the dktrict. In iht; northern part of the .lisM-lcL the be,h at Hie 
sjirno hnrizon uro nujvo silieeoiis jukI this dinVjrcnce has rcsiiltcii hi a ftii- moro ni^'geil topo-,n-ai^hy. 
The shulc has a thickness of about 1 ,U00 feet. In the norlhern iiart of the- fiblrict it is suc'jeo.lwi 
bv n nnrifs of lioavy betU of hmostonc over 200 feet tliick, foniiin;:r u north-south bainl, bul in Ui« 
so'-;tyiorii part, of tiic (Ilstrit:t th(S5e betis give ])hice to Uunner-bcLl<le<l luiiestouc mul shule. Thi:j 
iimotitonc iy well sliown in the hills in whicli tlia Horn Silver iiiiiio Is devclupod. Above those 
Jtotis tho fonniitinn cunsisU of interhecided limestone ami slmle, the shnle, especially toward (lie 
iiorlh, bolnij; silieeous. in both the northeiu ami southern parts of tlio ilLstriet oceur lenses of 
tpiartzite, that nnrlli oi the naiTmf^Utn-Hickoi-;^'' luino hcinr; a prominent oxiiiuple. 

The sediments near the hd.rusivea in the iiorthoni and southeastern pni'ts of the district 
have been hij^hly altere.ii, those in the southciistecn part hein^ so nuieh changwi thnt it is diffi- 
cult or quite inipossibhi U\ oorrehilc them with tiic equiviilcut less-altered strata. Their locu- 
tion and gencsral composition, liowevcv, loa\'e litllo douhfc that they belong!; to the upper portion 
of Mie forniulion as exposed in the nnrtliern part of the district. 

('i/n(J-i'.i(.ms of iif.f msif'uni.-- Thioii'^iioiit the time required to lay do-ftTi the thick IIarmgti)n 
formation the c-onditious nf sedimentation ogcillftted between those ftivorable to the dopositi<in 
of shuly ailiceona beds and those producing limy sediments with a few lenses of distinctly sandy 
jiiaterial, ihc Utter plnise bein^ especially predominant durinrj the later purt of the epoch. 

/lift.— The followiuj,' fossils were collected from limestone strain in the shale a few hundred 
feet above the Klcfdnmt linu^tune south of Klepnaut Canyon: 

Tcrvhrutalii fip. 
Aviculipwiiiii n.!*p. 
Aviculi|>w:(jri sp. 



Two eollc'tions from shaly ILmc^toue strata in the shale about half a mile north of t 
•; .uu'".?f.dn!'{7' '7\\ " '* " '"'' "'" *'" '"""^ ""'""^"^^^ "or:he«stw«rcl from the cany 



*[»ecios 

AvU-nlipwten cttrlic-aRlmalw. 
Avi<ulipc<;leri parvuhj*. 
Avi<-iilipc*.-t(*n »p. 
iM\:i)in:i? i,p. 

llak.(!\M.'iIi;i','sp. 

Fro 



the 
on 



•vvKuiipi'ctcn ciirnciinliniuis, 



Aviciiliprcicn uulK^iwiM. 
Avic-iiii|;,.,ioii purvutiw. 
Avitiilip,,.ri(.„ tt-.'beroiwia/ 
l*»<niiliniioti(itiyy up. 
M.viiliict nil, w yomiiigciHi.j 
h;ik<'Wolli;i? up. 
riiMiniplu>ni.-;7sp. 




^"teropsuithelow 

here Mic Ifarrmgton- 

nestoue hills. At 



Avicahpecu-riCrlicarxliiKiliH. 



rtwtuJotiiornnis'^ «,. 
Myaliiu pcniiiami. 
J'U'-anipliuriia? «p. 



SF.DIMEXT.IRY BOCKS. gg 

All those species were i.lentilled hy G. H. <!irly, «l,„ ,s,.,l« tl„u they -renro.ent tlu- for 

Sm-vey ,„„.i .vlueh ,. ,u tl.e .m,e horizen ,h,U W.l.v,,,, vefen-ed^o the IV™,', Ms K ;^^ 

Omyou seeuon. Keee„t .iat. sho.v rl„.t ,h« f,„.,„„„„,. ,„„:,„,,. ,l,e Lower T^J^JZ^:^ 
i-Miuiui J,l,.l,„, ,„„1 If i,„:st tUerelore be i-efenril to tl,e Trinssic " 

I^nn,|y preserve,! (;„str.,|M„!.s were eolleete.l i„ siliceous sedime„ts „e„r ihe s.o,„-,il .,r ,l.o 
la) just s„„il. ol Ihe l[am„f;lo„.lI,eko,->- mi„e, but these prove.! to be too i„disluu-.t 1,. be of 



viilue ill nj;c dctfrmiiialuni. 



^iraUgrapn,c n^ations. -No imconronuUy \vrts deteniunccl In't\veni the llumiv'ton f.irma- 
tion «nd the underlying. RK.phant limestone, Miou-l. H.e nuu-ked chaii-c in the c\milvU-v oi Ihc 
seihineiils juul llie prtlet>iiU)I(tgic cvideiu'c su^rpiest mi imconfonuity. The beds overlyin.r tho 
chides hftvc been rpmovod willdn this district, mul thi^ir cliaractor niui ivhitimis luive nnt1)ceD 
ciolcrniiiied cisowhci-e. 

I.Alvi; SCi)l.\[KNTS AND .STIIEA.M WASH (tn"ATRI(N'ARV). 

Ahir<;c pfirt 01 tlie re=j;ion h buried beneiith mviit sedimeiils. These vnry greatly in dejvlh, 
li-ora u few fool over fonsi<!orable areas near liie ba^c of tl'.o niounlains to sevond lumdred feet 
in tim MiU'ord and Prenss valloys. Neiir tlie inuuntnlns ilie charucter and compositinn of tho 
Quateninry material is euntrollod by tlio nature nf the rock of which llic mountains ma 
compoayd, fi.s is well shown by the heavy deposit ol <(UJirlzilo Hnut that burii-s the area enst <jf 
the northern porlion of tiie Sun Francisco Kiini^e, eNtendinjr nearly to the Ueavei* Lake Moun- 
tains. The Quaternary deposit adjoining the volcanic lulls fo the i,nuth is larsjeiy fine volcanic 
niatcnid, and a similar rehtti*>n between sucii dc|iosits ami ibc rocks of the ntijacent niountaiiis 
Can be tracct.1 tliroughout tho region. Tiiis intimatii relation is duo. to th.e i'a<-t thnt tho !ii«;;hest 
s'jigo of hake Ronue\'ille, rencliiiig lui elovatiou of about .),2o() feet, did not cover liie reijion 
here discusaeti, but barely touoiiod the enst and west sides; the bikc-siuire deposits occur just 
at tho west edjje of tlio urea mapped, iiortiiwcst of >fewbou(H\ This freedona from a water 
bodv hns allowed tiie migration of i'raii;iTionts from ':iij;iier to lower ground to jjroi^'ess witli 
slight niin^Iiuf; of material from sotuccs widely separalexl. Tiie absence of a body of water, 
together with the arid olimale, has resulted in the building up ot the irmnense ulluviid fans at 
tlio mouths of valleys tlint are so cliaracteristic of this aad other parts of tiio droat Basin. 
Some of the fans have been deeply dissoctod mid the underlying beds are seen to be consolidated. 
Such i)eds are to bo. st»en in Cupper Guich below tlie outcrop ol the Cactus ort; Ixidy, where the 
stream has cut thri>ngh the alluvial deposits to the underlying monzonite. The lower bcnls are 
heie cemented into a conglomerate so resistant that the monzonite has weathered out from 
underneath, leaving the conglomerate Ijcds overhiuiging for several feet. As in other places, 
tlic conglouierate is formed of iiebbles of niouzonite, limestone, and quartzitc found m the 
niountauis above, and the cementing material is largely lime with some silicii. 

In the lower portions of the valle3'S. outside of the area ma])pcd, the sediments w<^re, in 
part at least, deposited in lake wat<Ts and doubtless show a gn^iler eontmingling of material 
from difrereut sources. The following records of wells in tho vicinity of Mdford ' will givo un 
idea of tlio nature of these deposits so far as it is known at present. . ^ 
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<'OMP,\tas<)N OK TIEK SAN' rTt.WCISCO SKlTION' WITH (iT>IEK SECTIONS. 

l*>om the foregoing (iiscriptions it is ttpparcnt- that the ftge of fivo forrantions is dptcrminod 
bj- fossil ovidonci', but tlui bonndarii's of tlirso foriimtioiia liuve not been located by ovidnnce of 
this t:\iiss. As an uid to deUirniinins; the probable locution of these boundanes it may be worth 
while to cNtiniino the fonnalions as oxpoaod in other sections in which more defmite boiindarii's 
have l)e^ni dctonnined. 

BoiiLwell ' givoa the following section for the upper formations exposed iu Big Cottojuvood 

Canyon: 

Section ht BUj Cfitfonuvod Can^n, Utah. 







FDrinntion. 



Thlck- 
HMn, 



Character. 



AntcwA flhut*. 

Thuyum llmMtono. 



Vooibiklo ctnlr. 



',«0+ 



l.lin 



1.1« 



RlNlt}uliw,tocaUrMndy,wi!}i interiMytd«d coarMV-frnr mndnonra- Carrhw In 
Kiwer portion AtieuiipKim mtbttnutt, A . cnrtx-i^ditHlii, A. parvMla*. Alfa- 
Una pnvtknw. NoCoonomlo Iraporuncc. 

CxIouCmu, WlUi Mndxlociei Bnd flutes: -Midrffl" sbjli; spp^mtM oiofiii cnl- 
CKr«nua upper fiom awro orci.arPMW imvpf ]>£>rti.tn, r-arrtn* lirec Imirm, wllh 
m»ay iww lonU weoin, crik'Jly poJucjurrts, tiicludini! Penlitwiiin^ ip. -Vra- 
iina pffKiama, iT mtirvkidr*, AricaJi^afr* cvttiairi^alla, A. vtlrrmtu, A. 

KtmUt; A . aOrWaWTM Linitulaa, Bj^frifcn*. DcnluUii. Fontts cotinlrv rwk 
rvpiocvment ora tmriWAiKf Imte. 
K«l *liiiJ». Uiliily heditca. Cno |traS«"1, Iw-ftrs ripple niaiks, mud Cfwaks, and 
rainUrap ImprinU. No di»«^L wonumlc I miiiirtaMC. 



rurk I'lU- lltnmittiiui [i^ow noirtM ru 
Welwf i|iiiinalip , 



GW 



LnK.i\idi«bwip..i*r:^.r:Tu^rf,n.,hT«h,.,limsp.,rita,sflf^ 



ruiitiicrinrtil un] JijiitiM, 



(\wiv„r., LlnsuLrs.., Pro.i«.cr« t^AorrwS, SchU^ nsai.. pS/„Sa«^ 



Bhu;lave.ldcr = j.iv<>. the follo^vinp; generalized .oetion of the rock, in the Ogdon .-ogion: 

Ommdized serfion of rock* in Uu Ogden ?tffvo«, Olafi. 

Quateruiury: Liiko B..niK.viU<^ J.*ds Lm.l iiUiiviuni. . 

UncoiiformUy. 

TcTli;Lry nml Qiuuerrury: Ui-h-lcvel snivels 

Uacrtiifoniiit)'. 



Feet. 
(?) 



-- — .^-tone). 
'K-iLtonniiy (Cn.lu,;o.m.i roc-fes orr.ir iiu-r, ..^wt of (hi« d,Vri<^i\ 






(■?) 

0- 3,000 



*, uiin, p, iis. 



f^KDl.MEXTAHV ROCKS. 

Arl^^arf'^l^iKU.»._ 

ThiiyjifH liiiK-httjiic " 

\V(nxl.^j(Jc shiile ■ ■ 

t';irl)iiiiiiori)U!--: 

Ponn«yiv:iiu:i.ii; 
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\Vol)pr (|U.ir(zi1('.. 

R«d )iril.t • ■ ■ 

L'nccml'orniiiv, ■ 

lirvuiiiiiM : .JcflonsoQ linji'siofip. . [..[[[ 

Silurian limvst*Mic 

OnIovu-uiWnneHtor.e,MhhJ,x^nUbaioiw»!quarL^;.; 

:"v^-i*%;tr^,r:^:«-f "' '•* -''^ '^- --^^ 

biu-imfomiity. 

A^.«,^i„„,V): ..Ca™.™, „„„.,„..„, Kin, W.™„^ 

Un( (iiiforniil.y{?) nof ..Userve;! . 

Ariht;|41, toDiplox ofsc'lUHf, {?iieii», otc. 

nc rth in M ..sateh re-ion, comparing the .sect.ion of Iho Fordoth Pamlle 
cstabhsl.eti by kter uiU ,uoro. detailed work: 

fomaiiora in ntn-lUrn KUwtA ?f(jw«. 
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^. 000- 5. (100 
"rfXJ- i.ooa 
JiW- .|0:> 

J , WT- (i, (JOU 



.10, 000- 1 -J. 000 



formiitiniis in (.ho 
yui-V(!v with that, 



Hacnu and Emnioii:^, iw; [ForiiciJ] 
roniltpl Survcj'j. 



l>rnu><'iirbon(Ii«ruuii sbttlw und Uuio- 



I'liperCtwI Mr/tmirL' Uni(«ti>iM. 



Mmiiwell, h'liuUp, Widralt, ol oU. IJws-HB*. 



rorlod. 






l^rk (.11)- fonnu;ton. 



L*Wor Triixslti or PcTiDljin, 



Writer qiinrtcitr. 



iiplini qnnrlxlle.B 
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Lee . gives the follow!,.^ section cxposod in Beaver Cunyon, in ll,e J[ine.al Range: 

Section (tfroch'i nxjuiS'-d in inna r i-iiiii/on, 4 inuf* n. > j t 

1 itasilt. rtovenil hamlre'l '>f'i- 

,(■ Um-fine.ile.l gi-avp! ami l«>wldcr. ..i lim....u.ne. (lumUitc. nn<l :in<.los.u- . - - - 

nxrkfl. IliG l>ov.|.ii'ra having a luuxiifUini diameter <.f a (Vet 

Ui)*:niiR<rinity. „^ 

fi, Rwl slialw j- 

7. Ka.ri)iy gray limfsumc 

8. Rod bIuiIl- - 

■). Gray liiiu'stoiit- 

10. Retl ^'liale and ri]:i>If-murke<l .<irii!.-'rjiii'^.- - 

1 1 . HIU." liTllii-JulK! J^ 

12. Rcil aliiile ami ripple-inarkrd Kini)!*l(iiies .-. ^'^*^ 

l^. LimoKtouu LUiiUiining -;llfr»^)Kc(rJl n^vUr^ti^vt, Ark-utipiylcn aft", aa-idatlalh, .Uyalina ;ift'. 

prraUmuata. Bal-tRwcIIia ii. «p.. PIeiiru[jiiorua ^p.. :^hi/o.his xii. 15 

11. Shiilc ■*? 

15. I.imedlone conUtining same iosMJls us Xo. VA 1^ 

II), Buff Rhiili! xvilii u 5tii?ordiaale iiiiKJun' of liiiiostuiit' - (*5 

17. Shale ami limestone cniitaiiimg Avicull])efteu ii. »p.. Ploiiroumiariii? .np., B:ike\volli:i n. >ip., 

Kali('"[v^i« sp., XpiioditiruK? sp., umiottiriiiiiic^' anunoiuiiilM 100 

IS. IIpU shi^lc - - 35 

19. Ycllowiah-bnnvn aVialva alleniiiiiii^ with ripple- marker I roridsiouerf 40 

20. Qur.rtxilLc b;is!il cor.glomi:T.itf! 10 

L'm'iiniormiiy, 

21. ClwrLy liincBiJnne cmiliuiiing Zaj^l-rcHlis? aji., Fi.s"tiiHpora, sp., SL-ptoponi sp,, Produdvi ftff. 

nihhonrUIns, Meek';llft? a[i.. ■'Spirift-r nl"(. '■a,>yratU9, Sqiibmulnr^a aff. ptrfiJ^a, S}'i^'/iTina 
iiff. krntHctifc?u,vif Spirifin-irui fi;j., CQtupOfUu aff. subtilita, ilusttdin aff. me/hnna, Pugn-o-r 
a IT, O^'JJ/i ru.-kt ." .\ZQ 

22. YuIloMLftli qudrt/.iti' _ _ 200 

'i'A. Clieriy liiiift<tniio i>cint;nrui\g Sqiwrnulfiria? sp. siiul llusti-dia aft'. 7jK-ci'nnn 500 

Baao nul oxpoMrd wluTe »eclion waa intnisiircU. 

Durtoii - ^i\'os t:u-. t'oltowiiig jiencraliztMi sottioa for nftrthi-ru Aiizona; 

(.icnerah^'ii !i":liGti of tin- rori-.v of norti'icrn Arhmui. 
Quat«riiavy : 

Valli'v tilling (lud liivn llowji, 

Tcnmry: ^ 

Stimls, i^mvclti, (unl hw.i How.-; lOO-SOO 

Cret-iictdus (UppKir): 

Sttndstones iiml ,shaU's. Iixal rm\ Iwds 3qq 

Sliulc^u vith Ktndsuiiic kiycrs ' atX^-70(> 

^\n(l»lo))0 «- 1 Art 

IT .- . , i J— lUU 

liiiconloniiity, 

" Pain^od IX-^crl lnrinailx.n "' (brighU^-lafL-u. ru.-iihirlv atnitifted Miidsu-n-) 1 200 

Iriawic: _ ! V 

" Lennix formrttiun" (p-alcnn-oun cfciy:>, s.inu! sandstone). KOa-OOO 

'■LUho<ie.ula.n (..m.ti.m- (^ndx.«T>c ur.d conglomcra.*.. ^ppsrated ' bv li^hl-coioreil 
HhiUivsaud "marls ) " 

■'.Shinanimp" conglomeriil* at W»o, *^'' 

Uncoc.tnmiily, 
Permian : 

\utu rarKlatoiK^, limc'siuncs-, nud "marlK") 
I'lK'onfiirtniiy. 510-700 

' \^nZ' I" j;'=*'r"*"PP^^ '^*f~-^ U- S G«H, 3um,y Na. 217, iw. p. 1^^ — 



SEDIMEXTARV flOC-KS. .^ 

PeDtkiylvnniaH: 

Kmlxib limestone- ("Ui^ijer A..br,',v" limv.uny^^). . . - J^.'- 

a^onmo Kim|.Htoue (■ Upper Aulm-y " u„,.U. ,».•'. ... .1^ Z^ 

Pf nnsylvaniiiii and JIi.->HtKMi].pi.iii : '"~^' ■'"" 

neciwnll linie'^tijtK- 
Df vonian : , ■ ■ ■ '^^-'^. iW 

Tcinplo Bnite liiiuMii.iu* 

Siluriun; Siiiftll outlier i,e;u- Fort Apucbe **'*"* 

lnuociormity, ' " " 

Cnniliriiin: 

Toiito group: 

Marbltd limoMone n--uvi 

Shilca and Miitistimcs , . 22^^ (ywi 

S;mdK!One \." aoIgUO 

Uliconfonnitj-. 

Algonkiau: 

Grand C'.'.nyon sfrics; 

Chturgrmip _ - l^^j 

Unconformity. 

If nkar group (, ^.,J5 

Archoiiu: 
Vishnu. 

An pxaniir.rttiu-i of the procedins sui'lions shows thu'. on Ittholo^'ir. i-l\:iriic(iT tlicro cim bo 
no very tlose corrobition of the Sun Fi'iiiicisco section iis a wliole witli the o!iici-a t^hidiod. 

TIic Uiirriiigton fornnUiou has a j|;oucriil lUliolofijb rosenibliinco lo (lie Arikuroh. shalo, 
Tluiyncs limestone, :iiul W'oodside slmle of Ilio Big Cottonwood section, aiul as they contain 
niiniltir fossils there is good evidence for considering iheia ns equivalent. 

The Elepliaiit limestone, inimediately undorlying the UaiTington fornuilion, corrospomls in 
position to the Park City forniatior:, but the fossil cvidcnto indicjitos (hat it may be. older and 
tiiat it is separated I'roni the Harrington form;itiou by an unconfonuily. 

ThoTalisnuiu quartzitc eonvsponds in ^itraligraphic po>;ition with the Weber quartzile in 
tiicnortiierii [>Hrt of tlio State, but hii.s only a fraction of the thickue.ss of tiiat formation. It is 
possible, liowever, that ti\e quartzite formation a- this horizon thins toward tlie south and tiiat 
llio relati^'oly thin Ttili.snian quartzite of the Son iMftiieisco re^^ion corresponds with the much 
thicker Weber quartzite to tlic nortlu 

The Tupache limestone apparently cui-rcsponUs witii the Mississippian liniestouc to tho 
north ana the Mowitzii shale with the Jelfcrsou (Devonian) hnicslnne. 

Below the JMowitzu tlie lithologic correlation yeenis less dermile, as tl-,ere appcai-s to be at 
tlie nortli uo quartaito tiial corresponds closely willi tlie Morehouse quurlzile, The Ked War- 
rior Uiiiestoiie, Moreliouse quartzite, and Granipiiin limestone are, however, ]>robnbly the equiv- 
iileut of the Silurian, Ordovician, and possibly i>art of the Ciiinbriaii sediments of llie northern 
suctions. 

The section in Beaver Canyon given by Lee upp<>ai's to correspond with the upper part of 

the section in llie Slsir district. 

In the .San Francisco and adjacent districts sedimenlalion went on from Ordovichm nml ])os- 
sibh' from Cftuibrlan time to the Ti'iassic. No conspicuous crosional unronforinitit^ iiavc been 




been determined In' toAsd endence, mu u prebt-u. u.^.'y .....u^v. r^.. , , ^V \ 

and possiblv part "of the Morehouse quartzite. The Dovonum is repre.enu-d by the Mo.itza 
sh.ae and j.osiibly by part of the underlyhig Red Wamor hmestone. The Carbomlerous .oe.ks 



■"tt.uul L ..prc.cn.cd hy t„. 1>--;^- --:;:;, ,,,.„,,., i„ ,„c ..is„.ict .re. U.o con- 

Thc ""'y, -'f """^'V;:; ;^™^; ^2 ". lonf,„-n.,l-ly on the eroded «„rf.^ of tl,e 
slon,cmt« beds in (,o|.pcr (...Ich. /''""^ "^ , „,.„|,/,„„ ,,iu,vi„l sediments. Tlioy arc 

n,on.onite and appon. .o ^;- -^^ ,;^^ ^^, X,"^,,;;,. .l>e lowe. pn.t, of (ho alU,vial 
older than the Lake Bonner.Uc hcd^ «l,..l. « ""■ ■ ^ „,• „,„ ,,,o.T,aUe BoniievUle olhl- 

vial dei.osus =.-o ,..oh«I)ly of Tl'-' |™;^ ^^ »-^' , ^jt,,,, in„„edi.,l<.ly bctoro the 

!;:":"'!:; -Idy aepos,,. wi,l,in .l,e nrea n.apped ,ue the ,n,vel beds I.alf n nnle northwest 
"' ^l'!!'e"ttcdin,en.s are bein« deposited over the i„torn.o.mlmn areas „„d cover a largo por- 
tion of the are. .napped, lo^ors BOCKS. 

■ EFFUSIVE JtOCKS. 

AHEAi EXTENT. 



ICirusivc, exti'usivo, or volciinb ror.ks iirc fornu-.l from :n.i(orinl lh,.t liny readied the sur- 
fiuo of t-lio oiirth from doop-rteiiterl sources, us molten lava, Jind luis chlier sproatl out as lava 
llowsj or been blown into i^nuill frHgmwUs by expandinjr jratn-y unci settled down uii the surffVfl 




lying ..,.«.« v.... V..W t,^ -^ r> 

t!)o oust is occupied by exlnisive rocks. Tbese rocks are exposed along the western border of 
thin ftren, where an oaslwnnl dii)i)ijig of tlie flows imd erosion of the ni)t\n-ned portions luwo 
exposed tlie lower luenibers of tlio voh-.anit- series. 

This aeries is composed of tiiffti and flows, vnryhig in texture from ghisyy obsidifin to rocks 
tiuit. lire so filled with phcuocrysts that they have a holociystallhie upponnmee, and in compo- 
sition from rhyolites (o olivine basiiiu Tlic ImsaUs, however, iire probiibly considerably later 
in ngo tlnni the nmiu aeries. Iri general the more ticidic rocks form the. lower exposed portion 
of tlie liiviis and the upper members nre more basic. This iy not entirely true, however, jis 
dncito and nudesite are foimd near tlic l>aso of the series; as exposed in tlie southwestern i)«rt 
of the aroii. 

Tho aoverid tlows have Ike form of lenses ai varying tJiiekness from jdae.e to phu^e, and 
eacli flow ia not present in all parts of the area. Tlic lower rhyolitic tuff is apparently more 
uniformly pre-aent m-or tho area than the higher nicmbera. The "lowest member of the volcanic 
series exposed forms the hills hi tho extreme southwest.ern portion of the area mapiKHl. This 
member consiats of thick flowa of coni-so |.orplnTilic dacito with some int<^.rbedded flows of 
nndesito, the wliole Imving a tkicknesa of aov<.u-al luuidrcd feet. Overlving these roelcs are 
rhyohtie lu\h with intcrbedded rhyolitic flows. This member is made up'of weak rode and ils 
ready erosion l:aa resulted in fhe area of low relief lying between tlic two nortiicust^soufhweat 
ndgcs m t 10 southwestern part of the region. 'Hie vhyolite tufl; is overlain by a snec'^sion of 
dae. te and rhyoht. flows having a total thicl^ioas of probably several thouannd fo t Tho 
latest, volcanic rock lu tl\e area is a tliin slioet of basali. 




' CUb*rt. Q. K.. \t^, t. 8. GooL S.ar.cy, vol. 1, W>3, p. 307. 



mXEOUS UOCKS. ^- 

atunnpt ,j sopan^fo niappi.vc^ of Iho soven.l rlosoly suuLla. division., ond the ontiro volcunir 
series ly slu.wa on tlio map m one i-nlor. A d.^criptiou of the did'crcm mon.boi>,- foUows. 

RHYOLITE TUFF. 

_ The 1-hyolit.e UiH' is most cxlciisively cxposo.l iii iho ^ iciiiity .)f Fi-isi:o, l>olh oust and \\-est 
ot tho town, iiml h.is been cmployctl to u considerable extent iis u buildin" stone liic Horn 
Silver ofDcos niul the Frisco TIoti>l hoiji- built of this vot-k. Il is w.-II exposed iii'c*u-bouatc 
Guhh caat of tbo Carbonate mine, and here and tlxre in the gnlcJies for 2 miles north of the 
Curboiiuio mine. Several outcrops of tuft' in tho hills south of Squaw Spriii,ics Puss, iu the low 
are.'is between rid«^(^, i>robably ropre.sent. iho same memhoi'. There are several oth.cr small 
areas of tufl' in this part ol tlio district siniihir to that about Friiieo, but no beti was (raced 
continuously mid the several exposures nppeur to be »it dilVerent liorizons. Ont; exposure 
occius wliere tho rojid leading boutliwestward from the Horn Silver mine crosses the low divide 
and tliero Ls another small exposure .southeast of this one, on tlie norlhwcstern slope. Thouijh 
these rockb closely resemble the tnff near Frisco, they arc apparently at a hij^her liorizon. 

The tuff exposed about Frisco is a liglit-j^roy rock contaiiiinu; numerous fragments of tlurk 
hiv;i and i)umlce. The matrix inch)siiig these fi-afjinents is glassy, with pheiiocrysts of feld- 
spar, cpiart/,, and biotite. The degree of indunition varies greatly withui short distances. 
In several lucnlitles the rock is sufficiently Inird to be used ns n huildin4:; stone in tliis arid climate; 
in others it is so soft tliat it can be shoveletl iihnost like simd, Tlie mound of soft white mate- 
rial west of Frisco, in which numerous ''ihigouts" were exciivated in tlio early days of the 
cam]), is eomjjosed of f ufl' that has suffered altevntion by heate^l solutions an<! later has under- 
gone surface weathering. Under the microscopic the rock (si)erimen 80) is seen to contain 
pheuocrysts of orthoelasc, quartz, and acidic plngiochisc (oligoelase to tiiulesinc), with a few 
foils ot strongly plooelu'oio biotite and some, iron ore, iu a gi'onndmass of glats in places siiowing 
incipiimf, crystallizattoti. Phenoerysts form hut a small percGniago of tlie roeli, and it is there- 
fore impos-sible to stato tlefinitely the composition from the microscopic study, hn( it seems 
probaliie that this rock falls in tho rhyolite famUy. 8j^>ecimen 32, obtained east of the Carbonate 
mine, is similar to the one just described, except tlnit it contiiins fewer fragments and less 
crystiiUinc material. Specimen o.i, obtained ij miles southciist of Frisco, is simihu- to the 
rock Ki-st mentioned, except that it eontniiis numerous fragments of obsidian. An ex|>osm-e 
in ihc southwest comer of the district is eom|.>osc(i very largely of Iraginents of lava in a matrix 
thrtt appears to be similar to those described almve. 

In the low hills one-fourth of a mile southeast of the Frisco raUroa*! station are exposed 
beils of fine stratified InQ's of a dark-gray color intcrbed(UMl with the lavns. These, however, 
are not present in other parts .d' the region and api)ear to he Inter in Hgc tlum tlie tuH's descrd^cd 
ux the tireocdiug ijaragrapli. 

' o 1 o 1 LAVAS. 

\ series (d- lava, ilows overlies the tufTs nu.l forms in a large part of tho area the lowest 
d)or of the volcanic rocks. Tlu'se flows v^vy considerably m texture am t uckness 
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'''T';!Hi^'anuIysis nf the ruck (.pooi.ncn 27), ^>y 0...^^ .loig.v, ^vc. the following ohc.icnl 

t;OniIJnsltl(.n : ^_^^^^_^^ ^^^^^^^.^ ofducit^fww San Fro^.ri.-^o .'wtrnt. Utah. 



SiO '^^■'^^ 

^\ 



M.0 J-;^ 

1^-^.0 ■'■!* 

Kp ^-^^ 



Tlu' prolriblo rut.in of tin- osyerU-ial minerals in a crystalline rock of this composition may 
hv vnUuhxlcd ...ppn.xinuuWv us quart/.. 21; ortbodaso mnlofnlo, 18; albito molecule 28; 
.uu.rlhito moli^cuJc. 10; liornblomlo and mica, 9, The rock is aistmctly higher in limG thiiii 
!i nonnnl rhyolito. On the as^^umptinn that nil the soda nnd lime ore present in the form 
of .mdesine, 'l-ho ratio of pliLgioeluse to orthoeliLso is 44 to 18. The rock, therefore, has the com- 
position of dacite. 

The hiJU furthest to the wi-st hi the area south of Sqviuw Sjjringa Pass contoiji sevoniJ 
hMises of andcsito distinctly more bn,3ie than the rhyolito and dticitc inelosin*!: thom. These 
I'ocks ni't' dark ^^ray in color iind contain prominent iind abundant hornblondo ])henoerys1s. 
'I1ic miciosi'ope shows them to be comi)Oscd of ithenoci-;\'Sts of horublondo nnd ncidie plngio- 
ilaHt\ jnostly anth-sinc. in a jjlnssy groundmn^ss filled with microscopie feldspar laths. Iron 
ore is rather abui\danl. Tbo liigh<ir and more western of these hills is composed of u coai^er- 
^niincd heavy-be<ldcd rock of diicilie coaipusifion, resend)lin{; thr.t forming the \ngh bills to 




IGNEOUS KDCKS. j« 



Q.uyU plu.non-vst. arc rare, llornblo.ul^ an,) biutito form but a .m.ll nm-ent.*^o the fonner 

qmulz. Most of the rrystnls uro l,>o sni.ll for .L-linite doternu.mlinn but :ut orlhoeb.s. hi 
j>.,uH.s. wu . UKlox below ,..l.,n, albi.o. «nd neidic o]i,o.h.e. Apntiio anJ ^n S./ ^ 
ndhoi plentiful accessaries. Al.w.t.on i. sli^b. except in the fen-um«t;ne.i«„ numerals, wluch 
hiao undergone strong majrinadr re.or]»tion. linth biotito aud hornbleiule are surrounded 




, - . . , ppea 

A partiiiJ iinnlysis of the holorryslalhne ruck (speoinicn 4*1). bv Oeoif^'c Stei«'er, "ives tlic 
foUowiiig toinposition: " '- ' .- 



Pnrtial aixifjfsls oj'qmru laHti/ram San Fntumro 'ii.<tri,i, Ufah. 



I'in., 



fiS. (I-I 



ALDJ 

Fc-..OjJ ■ lii (>■' 



M?*> - 0.8^ 

<:^0 2.76 

Nit,0 .,.0(j 

K.0 .,.27 



The PSaonlial niiiieraU of a rock of this coi-iposition mar be. ealeidated uppruxiinalelv 
lis follows: Quart/., 21; orthoclaso nioleeulc, 25: oligoclasc, -14 (idbito molecule, 34; auorthit'e 
molecule, 10); biotito and hornblende, 7. 

II. is eeon that hi e.heniical coniposifion ;ind in the probable miueriJ composition of Ihc 
cr\^tnllhio rock this rock falls between the rhyolite and dacitu alrcjwly deseribc<l and may 
be classed as quartz Intitc, latite being tho name used to designate How rocka intermediafc in 
composition between andesite and trachyte, and qu:ir(>5 latite being used to deslgnato flow 
nicks interniediule in composititvu bet.wcpii rin'oiitc and dacilc. 

Interbeddcd with these heavy flows are a few bods uf glnsyy Hiyolitic lavas shuwing ]>ro- 
nounced iluw bunding and iiisi.j Ix^ds of rhyolitic tuif. Tho former m-n well expivscd in the 
vnlley about 1.^ miles n little ea^^t of south of tlic Horn Silver mine, and the tufl's Jiro exposed 
iu tlic road crossing the hills southeast of the Horn Silver mine. Neither is suiTieiently 
crystalline to permit a determination of their composition from mieroseopie stuily^ but, both 
are rhyoUtic ui chnrneter and piobiibly similar in eouipoyiticui (o the massive beds, tho diirer- 
oncc in crystallization being duo to the difTcrcnt conditions under which the ntcka cooled. 
The miissive beds, eooliiig slowly, were in some ]>ftrts holocrysti^illiiic, but the thin bods and 
tuffs, wh.ich cooled rapidly, are composed largely of glass. 

The enstem foot of the San Trancisco Mountftms is buried under flows of basaltic lava, 
kitiji the northwestern part of the Sim' district., in the low hihs northwest of ihe Shauntic 
roud and nearly due west of the Ilarrington-IIieknry uiinc, the biisalt. hiis Ix^en removed by 
erosion, exposiiig a dense dark-gi-ay to nearly black rock eoiitahiing phenoirysfs of liorn- 
bleudc and feldspar in a cryptoerystallinc groundmasa. The rock underlieti the basaJt and 
]i<;^sihly forms the highest member of the earlier volcanic flows. 




the feldspar phei..,'^^ t..-^- w -. — r^ .- .. . , > i * 

slrouiT resoi-ption band, of iron ore; in the smaller crystals resorption has been complete. 
Chlor'ilo, calelte, and epidot(^ are present as secondary minerals , , „ ■ 

V partial analysis of the rock (speein.en MS), by K. C- \\VI!s, gave the mllowu 

position . Por/w/ onali/sis oj latiu from San Fru7idtco duttrid, UlaL 

4.36 



ruiir eoni- 






r.^^-" fi.lO 

MrO.. ^ 



K=0 

Ka,0 ^-^^ 



GKOLOUV AXD OliK DhliWTS OK fUE SAN FRANCIiiCO lU^dlONS UiAlI. 

10 (if llu' ma.c;iK'si;i :is clilaritc. The probablo 



mdy describctJ. A apociincn tiiken at the base of tlie small fDiiicnl hill one-fourth ot n unlc 
rhiMist of Shauntio is distinctly riiyolitic in chnnicfor, ooiituiniiii!; ftbuiulnnt phunocrysts of 
^„.,rtz luul orthocbise \rith ii Icstsw number of ttoidic phisioclasc in ti oryptocrystiiiliiie j,n-ound- 
iiiar,-s of quart/, and unstriatcd feldspnr. Only a few smiill foils of biotit^^ wi^ve proacnt in the 
tiiin section exumincd. The lu|;lier Ijeds to the nortli and wcfst arp nioro basic, somy of them 
Ix^iiig diatinctly mult'sific in character, containiiis plienocrysts of andesine. uujjrite, and liorn- 
bli'ndi' or iwendomorpba after hornblende crystnls in a fine groundmass of feldspar wlux-se clmr- 
actcr cDuld not be definitely determined. 

The lavas forming the central portion of the Beaver Lake Mountains are of rather uniform 
clnirni'.ter so far us can be ju(lge<l from the areas of e<im])aratively unaltered rock found in 
dill'ercnt jxirtions of the district. A large part of these lavas hare undergone so i)rofouml 
alteration that it is im;)Ossi})le to determine tlieir original character, and in fact it is only bv 
carefully foUowini^' the j^adation to less-nUered portions that it is possible to determine whelher 
the original rock way vr)|canic ot sefHrnentiiry. In (ho ridij:o half a mile west of the O K mine 
and jjortions of the ridge next to the west, and to a lews extent in other parts of the area, the 
rocli has the a|ipearance of an altered quartaite and was at first so considered. This lava can 
be traced northwm-d on the ridge northwest of the K truEie, where it becomes less altered 
and can be recorjnisced us a tudaceous rock. A similar gradation is found in other parts oi the 
district. A more detailed account of this alteration will be found in the section on metamnr- 
phisni (p. 78). 

The frcsbeaf. rock is a <iark grcenish-giay i>orph\Ty containing irregular feldspar rrvstals 
and pscMulomorphs of fcrromagnesian silicates. Under the microscope tho plienocrysts (s|>eci- 
nien 1S7, obtanied near the prospect ]{ miles north of the K mine) are seen to be (di-ochise 
nn<l albitn (most of the crystals tesK^d have inde.v ^ helow 1 .54, though a few were above and 
are acuhc andesjne). log.tJnn- with some orthoclase and pseudomorphs of ferroniagnesian 
nnnorus, ni a fine gronndnm... nf plagioclase laths, orthoelase, and quarts. Plagiord.use is the 
"r^dllwn '; m'*'" "' ''r P''*^"-r^^' ^-^ '"> — 'te estimate c>f the relate, abunc^m 
1 ed t rl^ ^ V" ^'T.'"'''"'^^ '' "'^^ P'^^^i'^'^- The ferromagnesian mir.orals arc 

*- .ued by non ore quart/, and m some crystals muscovite. Somo ....ystals have rims of 

A part,..U aual>s. by R. („ W^Ms of specimen 1S7 gives the following eomp..sition: 

IWfinl myd!j.,\ nf On'-lh- jrnm S,n. Fraurhm dUlrirl. Vinh. 



^'- ^ranodiovite famiiy. a„d a .' i 'liXw Z^ u""t' "'T'**^^^'^^?' *>^ ^'^- >'-^'^ that it falls in 
Tiie main Ix^dv of rl.e I ui "^*'Y"^'l^ ^ <« clashed as dacit^^ 

similar to the less-altered rock of 'ibir'" / V'^" ''■'^*'-''" 1^"^'* ^'" "^'^^ ^^=^^'«i- I^^lvO district is 

I compa.at.vely fresh. The composition is sinular to n,ut 
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o\ tin- lavjie in th^ o^ntrnl portion, [n the n.Ntremc northwostorn portion of |.|„. distrirl aro 
sevcuil niiU-.rc»ps ot n fresh lij^ht-coU.nul rhyolitu; rock, apparently un.iorlvin-r the dncUe and 
exp')s«|d by erosion. Tliis vock pontiiins n.tiier aliiind;inl phenorrvsts of Feldspur. quartz 
hornlJlt.nd(\ luul bioLile. in ii ffnmndmas>; of j^luss thtit furins tlio lari^'er part of tho rork. Ortlio- 
cl.u-t^ one] plai^iorhiso are hoth present . l>ul tlie latter is diytiuctlv in excess. It 1ms tlio ontieal 
proi>eM,ies i>i' uiulHsiiu!. 

^V» nnalysis was made of (he rock, but so far as ran bo jndi^od from the phenocrvsls it is 
siinilat in eomi>osition to the otlior volcanic rocks of tlie dislric-l and is probahly dacite or 
piisbihiy basie rlivolito. A small urea of tuil" similar in (:omi)osition lo the flow rock is nssuciatetl 
with one of Ww. oiitcropfi. 

BASALT. 

A thin sheet (tf basalt t-nvcrs the area between the lava hills fornilno;- the oastnrn Hank of 
tile San l^raneisco Kan<,'e and the Ik-aver Lake and .Star ranges to the east. To the west it 
extends for a sUort riistnne^o up the slope of the tilted Hows but is entirely removed from the 
hifrhrr jiortioiis, tiiough .sonic basidfie bowlders were found in the low valley south of Squaw 
Sprint^'s iJass in the San Francisco Kangc. To the east it is lurj^oly covered by recent deposits, 
but scattered outcrops indicate that it is present over the nrea ns slated. 

The rock is n tyi)ical black basalt, in places so tilled with ga-s cin-ities that it has a spon;]re- 
like. ftppcavanee, but at otlier points, probnbly lower in the flow, it is einnpiirntivitly in;issive. 
Tht* envities are as a rule partly filled witli a white carbonate. Phenocrystft of feldspai-. au4^ite, 
and oli\-ino can be reeof^nized in the hand specimen. Hndur the !ni<'rosco[ie tho rork is seen to 
Ix! composetl of pheiiocrysts of pln^ioclase, auw^ite. and olivine in n j^rouruhiiasy o[ the same 
minerals. Iron ore is nbundnnt and small a[)iititc crystals are numerous. A few /.ir*'on crystals 
were noted. The fehi.spar of the «rroundnniss is :\ haaic andcsine: (he ])henoc.rysts are labra- 
dorite. Feldspar forms about 75 per cent of fiie rock. Au;;ile and olivine probably form 'JO 
per cent:, olivine beiii^ about oue-fonrth as abundant as uujicite. AUonition ia slight. The 
(ilivinc crystals are cloudeil with iron oxide, but tlie fibrous serpentine charaeturistic of oli\'ino 
altoration is not abundiint. 

COMI>OSITIOK. 

Tn order that the lavas of the ilistriet nuiy be more readily compared, the chemical and 
onibable mineral composition are shown in the lollowiiiij tables loj^'ctiicr with those of typical 
c(h;sive rocjvs from other UK^alitic's; 

Chimiixif analysts n/laras. 
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- . ., MH L >n;i in Mie iKM-ticuhir rocks described, is present chioUy ni the uiuiiu. .auanzfc 
i;;::::;^:!: bioUt^J p.-Le.t. .■' K M. rock coaums .on.a.-.blo ,u.H., .t . de.,n;.ea 

^"''"Sif r!S;. or the S^n Frnneisca ,uid udjncent di.tmt. arc in gonorul l.i^her in .Uicn than the 
^-no latile (analvsis fi) hxuI in general h.uor in ma^iie^um, oaicumi mul potash. No o how- 
:'!r, is 1,!^). in lir'no and may wdl be . I.sscd .s . true b.til.. .hou^i> .t .. on the boundary botwe^^n 
\alu'o and undosito. ^hlations to other «ocks. 

Thf volcanic ri>cks arc piaiiiiy younger thMii the consolidated sedimentary roeks of tlvc 
district, lyijijr imconl'ormably t>n them where the contact is not due to iiudtlng. 

1"ho relation to the qmirt/'. luonzoaito is not everj^^here apparent. It is most cleiudy shown 
in the liocky KanL'e, wlicre mnnerous dikes of quartz nionzonito can bo traced directly from tbc 
miiin mass iiit« the ftow rocks nnd the ^Tiinodiorilo Ji-ssociated witii them. 

In the San Francisco district tlicre are small urav^ of quartz monzojrite porphyry, surrounded 
by vt)h-juiic rocks, that have the ap|>eai'ancc of intrusive bodies, though on ticcount of poor 
exposures of Mio contact positive evidence on this point waw not procured. A careful search 
uionj;; tiio c4)ntact of (lie quartz monzonit* and the lavas failed to discover any dikes that could 
be traced direetl}' from the intrusive into tlie extrusive rock, but tho porphyritio character of the 
moiizonito on the point cxtc.ndm;< towju'd the CarlKmate mine indicates a contact facies, iis 
would be expwted il il were intrusive into the lavas. The presence of rather abundant specu- 
larito at points alon;^ the contact Ls sun:gL'stive of contact idtwation. Tliou^h the evidence of 
Lntr;]sioii is juit c<inclusive, th** existin;^^ cojidilions are most reiulil}^ exphuJied by that assumption. 

In the Btsuvor 1 ^iike district iJ^nO the relation of the two type-s is not readily seen. In <;eneral 
the rotdc jit the I'.oufact has the appearance of a lava that has flown over an erosional surriicc. 
The small bodies of quartz monzonife present all alonp the contac'-: of the lime,stone and lavtw in 
the weslorn pari, of tlie (hstrict, linwever, suggest strongly that the quartx nmnzoiuie has l>oeii 
intruiled .';J4ing this eontiict, for it would be an iimitual ixceideut of erosion tliat would expose 
this relation. Moreover, its is ^hown in the >,ecl-ion en alteration (p. 78), the nature of th.e altcr- 
ai ien of the laviis indicates t-Iiat it took place nuder conditions of eonsi<lcrablc iient and pressure, 
which can bo readily atu-oruitcd for by considering: the qutirtz monzonitc ;i-s intrusive The 
evulejiee .us a whole lUilioales ihat liic- tutmsive rocks are later than tlie extnisivcs This is 
certainly true in the Uoeky Uimgc nnd there is no reason for bolievin- that the luvas of that 
nmge .re oUh^r th.m those of the neighbormg nutge and although the evidenee m otlvr parts of 
the d.st.net ,s notconelusive it points tn a similar relation. Nothing, was noted that is ineonsist- 

t e Tv 1 ;;: ;,"*7"';':*';" ^^'^^If *■*- ^■-^^■■^ ^>'' '>''- -tembng from the quart, monzomte into 
tlu. oveilyiui,^ J''K-ks, whicli eertaudy scorns rather remarkable. 
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tlu^ I'Ufr ..unu-tz mouzonito «u,cks arc pivs^-nt in o:u-h of l],,- aislricU. ou)uniHm., 



GRANODIORITE POHPHTRT. 

^(iiiiiii.on. — GraiKKliorite is a 
(liorUo. a:ul qutirU nn 
s:;iiie composition. 1 



<Kliorite is a -runuhir rock intormcdiato in nmipo..itioii Wtwpen quarti. 
nVAomte. Gmnothonto j^ovpUyry is tiir porplivrilk inlnisivc rock o( the 
iiiuijn-on ' (lohrirs i,'r!moilioi'ilc ii-s follows: 




Location and r.rtent—CTvanoiRonW foniis a siimltor stock oxposici in tlic low ]ii||s l^-iiio^ 
between the Kock^' Knnj^c ami the Bcavor l.nko Mountnijis. It possibly cxU'uds to the onsLcrn 
part of tho Beavor Luke Mountains, but owinj^^ lo the intciLso altcnition of tho civrUor rocks 
tli<^ fri'itnodiorite can not evor7A\hcrc be diffcrcnliftt^vi from the liivfts of this duJtrirt. Tl\t'n'. tire 
probably small masses in tlie hu'as of the Rocky Range, but thcso are not roiulily n^cosnized 
}\m\ accurate mapping Is not poysihie. 

Geniml character. — The grnnodioiito porphyry is a dark, fitin-griuiu-d ])orpliyrilic rock of 
dioritic ftpi>oarance. It varies considerably from |)luco to i)ltu-e, the por[>hyritic crystals bein;^ 
few at some points and abundant at others. Jl \vii8 possibly intruded in considerable amounts 
into the lavas of the. Rocky JCaiigo, but the. two rocks are so similar in characier (hat a separa- 
tion i-s ])raetically impossible. 

PcO'oyrapMc fcaUirfis. — As already stated, the rock in ditFcircnt parts oi* the area dilTcrs 
conyidorai)iy in nppearauco. Specimen Ujo, from the prospect north of Hickory, iqiparcntiy 
beh>iigs to tills t>7>e and is a (hn-k greenish-gray roek of fine texture in wlueh only plap^ioclttse 
laths ami crystals of hornblcndo con be recognizeti wHIth thi; unaided eye. Undi^r the inieroseoj)e 
the rock is scon to be coniposetl of phenocrysts of plaj^ioebise and hornblende in a fine ^[lound- 
ma'^^ of piftgioclftso, uiistriatcd feldspar, biotitc, aui^ite. and a little fpnirlz. \vi(h rutlier abundant 
iron ore and upatite. The plagioclase is andesine ranging from medium to basic. The dark 
silicates are abundant, forming fuJly 25 per e^nt of the rock. niv*;ioel!is<r is di-^tinctly more 
iLi)imdant than orthoclase. TIujs s)>e<nmen h;is essentia.lly the composilion of dioriu>. 

Spccinu^n 169. from the low hill just north of the road about midway belwecn Hickory 
and the O JC minti, in general aspect is very similar to tlie rock just deseribtui tlu)ugh slightly 
ligliter in color and less basic in ap])eftrane<-;. Tlie ]ihenoci-ysts are i)bigioelHse, ranging from 
o]i"oclasc to acidic andesitu-i; tho gi-omnhuass consists of quartz, orthoehLse, acidic plagioeliL^e, 
biullto, honiblcude, ai\d pyroxene. Iron ore is rather abundant and tiiere are many very 
small crystals of ajiatite with a few large irregidar masses. Quartz fonns fully oue-tliird of (he 
rock anil the dark silicates form fully 20 per cent, biotitc being llie mo.-^l ubundant. It is 
difTicult to estimate the relative proi)ortions of orlhoclaso and jdagioclnse, but the latter is 
probabl>^ considerably in excess. The composition of the roek is that- of agi-anodioritc a])j>roaeh- 

ing; qUiU'lz monzonit*. - i i 

Vbiuit one-fourth of a mile oast of the Ifarruigton-llickory nunc a snuili body ol dark 
purT)hvritlc rock outcrops as a low liill entirely surrounded by recent sediments. Tlie nuim 
bo.lv of the hill is a gra\^ porphyrilic rock in whicliphonoerysts of feldspar and f.he dark sd.eales 
arc abundant. Smaller nuv^ses apparently intrusive into the mam body a.-e greenish gray ni 
color aod of rather uniforin fine grain. Kock of this t,ype L. expose.! in the prospect pU on the 
southwest side of the liiU. Under the microscoi>e the specimens of the porph>T.lic rock examined 
were seen to be iiighly altered »vnd its original mineral compo^'itiou can not be defuutely stated. 
The plagioclase crystals show rather low extinction and are probably obgoeh.se and acuhc 
audc'iiuC though on account ,>^their^tcred^nditi^^ 

'~~^ nrnflBrvn/^nldcmar. Am- Joor. Sd., fth ^•. vol. ». li»^ PP- »?♦-»"• 
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Ps..a.lomorp!us of .ocu.ulary minmil. aftop hornblriMlr ...wl l.iniiu- >u-<.. ploitOfni, tUo^o ufi.r 
hornhloncio boin- the moro ubun.Ju.U, and some p5rudoninr])iis ..ppr.r lo br nftor pv'roxo„p. 
tboii«h thr'.o aiT not so drfmiivly vccoi^nhcd. Tho tinn gronn.ln.i.^s .s m,i<io up of pbigiodaso. 
UMtwlnncI foicLspitr, und quart/, wiUi ultmtuon ])r<>duoU from thr .lurk silitnitos- Ii*"'* orn 
and upnlitn arc pkmtiful. Tho fin.'-^iiinnd rook U ratluT .<muUiv to ihn porpim-itir tv-pi- in 
r<nniK.sition, iboii^h it sliows a consukT.-Lblo (U-crenso in the dark silicaLo^. Koiiu:*im^ of 
hornblende and i)vroxoiic crystals arr prcynit, hnl no unaltered biodte wns seen in t-ho section 
exaniinod. The rock is rmire siHocous than the. porphyritic type. 

This ruck Ls dUtiiicily more iuM'w. in ohanu-ter H:an the dikoj^ obsorvpd iu tho Stiir district 
urid in ^'eneral character and coni])osilion is more closely alUcd lo the ■xraiiodiorito poi'ph^Tv 
of the. liocky Kaiige. Tliough itciin not be stated positively to which period the rock belongs. 
its 1,'enerui character indic;:,t<'S tiuiL it is probal)ly of the .sdtne ;i.ge as tlio fn'titiodiorite. 

fieLUioH U) other fonmiUons. — The niuiii inuj^s of the graiiodioritc cont-ains intrusive bodies 
of the quiii-tz monxoiiite nm^ is pliiinJy <tlder than that rock. Kowhoro was it positively ideiiti- 
fierl c.nttinj,' the sedinientury rocks, ihough u rock that is po:7Siibly connected with the fjraiiodiorltc 
but nniy l>o a basic i>hu.so of the quart/i nion/.onite has produced contaet allerntion whore it 
cuts iiic liniestono north of Hickory. AMiat appear to bo thkcs of (lie grajio<liorite. are prcsem 
in the l«vas of the Uoeky Kanj^c, nnd it is believed to be yoiuigcn' thaii tlic f^ow roclc-^. 

Q0ARTZ VONZOIflTE. 
UKUNJTIOS. 

Monzonile is !i f,'rannlar plutonie- rm-k intcnnediatc iu (;oin])osition hotwccii syenite and 
diorite. ifineridogicfdiy it i> coninosod of about equal (iniovuits of orlboclasc and plagiocUse 
Icidspar. tofjellier with one or more of tlie diirk silicates hornblende, biotitc. and pyroxene. 
Witli the addition ol quart/, it [lasses into quavty. nmnzonite, iutcrmodiate l>elwecn ijranitc and 
jjranodiorito. 

(.OCATION A.S-1* iJXTBST. 

Tli(^ quart/, ninnzoidte forms a huge ^lock in the San Francisco Knnrre, covcrin<' several 
squm-o nnh's ,„ extent. In tla^ Beaver T.ake Mountains two large Uxlies i.re exposed, s^panUed 
l>y yok-.anie y.H-ks at tlic smf.ico, t.hou{;It probably united in depth. With the i)robal)lc oxt-onsion 
of these bodicH un.ler (.lie recent .sediments the arcnl extent is several square. mUes. A conpara- 
t.voly snndl bo<ly of this rock is exposed in the Kocky R.nge, hot this also t>ro!,ahlv 1,«. a 
Hns.deral>ly gz'eater extent than U evident at the .urfaee. the lower i.ortions bcin- buried 
uniu>r t-tic rei^ent sedinu'nts. 

In the Star dislriet quait?- nionxonite forms scvcnd eonq.urativelv ..niall stocks in the 
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^m^iw.vd from the m,ii., mass hctwocn tlio lime^lcne nnd lava., and m tho lirne.tn„c Muv 
t:>c Horn S.lv.r inm<.. The U.tnl am. .xpas.d is .bout (U snunro miles. 
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crruu,, bor oxa.nplo, .ilon- tlu> runfu-t i.otANW.. tlu. qmirU mnnzointn aud tlio h.vas eMcndint; 
noi-ihwanl from Iminm On.vo Peak lH>th n.c-l<> have sulTeml ojnsi.lnnblo and ia ,.ImM-'. intciwo 
aitoration: U.t.h aro diaraH('.ri;.o<l by pUciUK-iy^ts of fehUpnr, a.ul in Mu. aitoml crulition it U 
(IillK'Ult. HiKi III some i>lucos iiupo:>sible to locate the exact contact. 

Tbo typical rocl? of tlic centra! iKH-tioii of l,Iie inas-* is well exiMised cast of Newliouse. Fresh 
spcciOKMi^i of tliis rock can be obtained from the dump of tho workiii<,r Umnoi of tiie Cactus mmc 
It IS a dark'gray metlium-grained rock, in which tho main mintTnl consiituenb can iui readily 
.h'termmcil with the unaided eye. Both ortlioclase ami i)hii;lorIasc ran ho recogni/.od, tliough 
their relative amonnts can not be determine*! in the hand specimen. Quart/, is not conspicuous, 
but with tho u.icl of a. lens it can he rcrognizod in small grains. Of |,hc dark minerals hornblea«te 
nnd biotite are. readily reco.ii^nized. The. fitrmer, in int-guhir {^i-eon crystjds, is by far the more 
ftbuinlant; the hitter, in dark-browi- to black (lakes and neaHy perfect crystals, is spurin}^Iy 
sjirinkled tlirough the roek. Yellowish-brown rt^iiious grains of titanitn are nttt-iceable, and 
the ratlier abniidant iron ore is readily detected in the powderei! roj-k by the use of an oniinary 
har.d nm^not. 

Toward tho marj^ins oV tlic stock the quartz nionzoiiite is utsuidly liner grained and por- 
pliyritic. This fine texture, howt^vcr, iloes ncit apjiear (o bo eonlined eritircly to contact types, 
as the ridge west of Indian Grave Peak is eoinpoyed ot a Hno uniform-textured rock, though too 
remote from the contact, it wouhl seem, to have been greatly alFwteit hy tho adjacent roclihi. 
Tlie porphyritio typo is well sliown in the point extending to tli(^ cast, wlierc all of tlie rock ia 
fine grained and much of it is distinctly porphyritic. On the sonlhern niarj^^iii of the stock, 
however, there is very slight change of Loxtvu'c in tho monz,onil« near (he limestone contact. 

In conijiosition, as in texture, t-hero is considerable variation tnwurd the ctaituct, thnugli 
in many places no i)ercei)tible change occurs as the contact is appinached. North of tlie Cactus 
mine the rhirk inineraU are considerably more abundant neur the contuct and the ixick has the 
appearance of a diorite. At the summit of tho main ridge the rock also ai>i>ein-s distinctly 
more basic near the contact, contaiiuug a larger percentage of mica. At this point idteration 
has been so great that no fresh material could be obtained for comparison. As the contact 
between qiuirt/. inonzonite ami lava is approached tliero appears to he no pronounced change 
in com])osition of the intrusive, and the same is truo of tho mtrusivo contact; along the southern 
border of the mass, where the quartz monzonite retains its normal composition. 

A typo of rock wbioh occtii-s in small boiliea in Copper Gulch and other parts of the nuiss 
and wiiieh gradein into the normal quartz monzonilc is distingnished by a pinkish c«lor, doc to 
Ihe prescjic^ of more abundant pink orlhoclase feldspar, and a distinct decrease in iho dark 
mirera-ls. The niica occurs usually in very small crystals and is not reaildy delected unle-s.^ tho 
rock is closely examijied. Xo deiinite boundary between this rock and (he nonnal (yi>o was 
determined in the fiebl, though the rock appears to he intcrmedniie beiween the normal 
mona^nite and the acidic aphf-ic dikes to bo described later. 

Microscopic /^ofi/m.^Spewmen 109, from the Cactus tunnel, is a medmm-gt-anieil g^-a-niMc 
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,,,..vlhi.ic int,.,-g,-o«-.i. of pl«giod«se an.I orthochus,-, TI,o fol.lsl^-^ l„rm 




T^"o^^<^^J^nof thcLk. C-ertuin .f the hornblond. crystal. co.Unm M. 
cA 1 tains of uuglto and Imo ,.ain. of m.^notito wluci; appear .o h:n'c been M frun, 
(he hornblende «. .i result- of musmaic condition, th.t rendered lii.U nunend unstnole. riioy 
„re not, conHricd to the niuri^in of the ory.l.ds, howe.Ter, :^ is coiurnon wH^h resorption p!uv 
nomena Biotilc occm^ in stnidl crystals ,m.l flakes showing ple-chroisnt from straw-yellow 
(,) durk browr It is considmiMv less iilnnKbmt, thim the hornblende. Quart/, the latest niiu- 
oral to .M-vslidlize, is interstiti.d ;^!k1 forma rJu-ut lo per cent of the rock. Fhiid inchismns and 
negative iry^slals arc ubundant in the .lark silicates. Apatite and (itaaite are both plcntitul, 
tlio lat ter oeeurnng in rather large irregular areas and only rarely in the characterLstLC wedge- 
shapc.l crystals. A few crystals of zirw>n were noted, but these are rare. .M:agnGtite is rather 

jdjundanl. 

Specimen 6, the finc-gi*nined type east of Indian Grave Peak, difl'ei-s from that fu-st described 
fhieity in containing more biotit« nnd a very slight amount of hornblende. Augite does !\ot. 
(iitVor gi'Gutly in amoniit, but Ls a.^^sociutcd with biotite and ai)pears to btu'e resulted fi'oni tlie 
tdieratioM (if tlmt niincnd ruther limn from hornblende. Sfune of the angile crystals that arc 
nut asMH'-jiiled with biolifc niay hiLVc cryslsiUi/^d direct iVoin the niugma. In this type the 
l)lagii)clasc ranges from acidic aruiesine to labradorilo, the average beuig andosine with & com- 
jxxsiliim approxinudcly of AbjAn^, as dctenninetl b}'' extinction angle. Quartz fdrnis fully 
21J per cent <)f tkit= rock. In a(klition to the acci\^snr\'" nmiends mentioned :is occuiTing in the 
other rocks, there are a few crj-slals of rutile associated with some of tho biotite crystals, 

Sjieciincn l:M, ohtuine<! near the cimt-act of the granodiorilo and andes^ite about a mile west 
of Coyote Spring, shows a more basic comp(tsition than the normal rock. The essential lohierals 
are plagioclasc, orthoduse, p>To.\ene-, iron ore, and biotite, with apalile and sphene as ncces- 
Hoi'ies. Tlic ratio of [tlngioc.liise lo orthoolase is considerably greater than m the normal rock. 
There is some irregidur infcvgrdwlh of orthochvse and |>iagioclase and some mieropertliitc is 
present. Pyroxene, tho chief dark silicate, Lt a gi-een variety showing distinct pleochi-oisin. 
The niiii-gins are usually <lecpor green nnd extinguish at a slightly higher angle. Id some 
tr^-stids t!)e centers are nearly colorless luigite. 



tr^-stnls t!)e centers are nearly colorless lUigite. The optical character is positi\'e, with optical 
angle nearly 90°-, 6ac=3()°. This in^Uco-les an angite approucliing iegiritc-augite. There are 
a few orysliils of a mineral showing a rather strong pleochroisni, a yellow, h greenish vellow, 
r chocolatishrown. This is optically positive, \^'ith small optical angle. The material did not 
l>ornut a delimle det«vnunation of tliis mineral. Biotite occurs as small crystals asst>ciated 
uith magnetite in irregidar areas. Those appear to have resulted from the resorption of lar-er 
crystals Uovnblcnde w..s not recognized in the rock, and o.dy a few smaU quartz cryst!ils 
were noted. ^ ■' 

S.mic of tho contact t.n>es are oven more b.isic thaoi the one jnst described and are n.-obably 
tn,o dtonlo u> cM>m].os,ti.m. Tnesc, however, .re usuaUy rather h.glUy altered and thefr 
..ng,o,dcnmpus.tu)nwnsnotdefiiutelvdeterminoi. h leiea, ana tbeir 

The pink facios of Cnctus Gulcli (specimen 104) contains the same iviineraU as the nomial 
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In cakuiliUuin; tiio inir.orul cmiposititxi ft-dtn thn niialysis, tlio avcnijri-s of sovonil mmlvHOs 
of I)io(ifo and •u)rnl>iondc from ixicki of slmilur chemiciil c(miposiiion wore tuUcii fo rt'iire^oiit 
ilu'sc iniuonils in \\\o. rock. Thcso nvoraf^es urc us follows; 

Awmij\- coiit posUioii afbiotUrandhornhUi'/ii- ut quart: moit-fatiu-*. an'i (jimrt: dwilrj. 
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Tlie bionite, tis sliovvn h^^ tli,e umilyses, is vory close u* tlie molc'ouic 2C(lv.,H),(Ai,Ko),()3. 
2SiO,)-i-3<2(M<}:,Fe)O.Sif).), the ratios of Uie components Ixniiir lu follows: K ;1I : : 1 : 2.25, 
.\1 : Fe'" ; : 4.76 ; 1, Mg : Fe" : : l.Gl : 1, TUe hornblende molecule is ctoso to the composi- 
tion Ca(M^,Fe)^(SiOa),„ with Nu^Al^CSiOj), and (Ms,Ke)(AI,Fc),Si()«, the i=;omorphoi]s moloenlos 
being in the ratio 9:1: Sj. 

From the Rection it was estiniutcd that biotite formed about 5 per cent of the rock. By 
cjvlctiliLtins about 5 per cent of hiotite mid the reixiaiuder of the uiai^nesiuni as lioniblemlo., Vjotli 
of the compo.sition jjiveii abo\-e, tha foUo\vi(\.i^ mineral composition is obtained for the rock: 

M hiotd torn ^to iliiill n/ qoaii; .nonziyulfr fi-iuf Mrl f^rn/i-i.-nn rl'.silncl. Cluli. 

Qu;.rt. ;';-^0 

Ori.ho<hi.«e mnlciMr - ■ _'*'■ ^ 

Albiie mwlofiilL' - '^'j f.lii. 39 

AncrlliilL- m(tk-i-uliv ■ ■ ■ ■ J'J- ^' I 

jionibicnac ^rl. 

J5i"^itG-_ 2 09 

Xr^ignetite '" ._ 

Apat-itfl .^.. . 

100.00 

Thi^ does Jiot take into account tiic smaU amount of pym.vone present, but otherwise it. is 
believed to upproxiinafe very closely tlic actXnJ nii..eral eompo^.tion nn.I to be e.se.d..a !> Mm 
S> would have n^uU.d if chaUfrln.^ pbysicai conditions h.ul not "'^^'^-f'^-f ^ ^ ' ^ ""^^ 
nTliJli..ili<>n of Ju>rublendo and altered it, to a .h..ht extent, t.o pyroxene anU n„M<r.eate. 
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i„,,n™.8,--"" »■- ™ „„„.. ii„,i,, «,u1 mipUt U.e,-olV...e ,,vo,,«Iv be clawed a. srP.». 

Tlu, .„ck woul.l .uU ^^ ;'"'',": „J',,,, „,„;,„„i|. ,u„l is in composiUon qn.te .is near 

:;:::u':::i:;^J'::r:^io:;:;it'i;;;o. p.... .« ...... a. ,.... ...... e.,.>us^.a 

for it. ^l-AUVZ M0N7.0N1TE OF fUE BEAViiK LAKK AHKA. 

In./ .w^-./ --TUf (auti(-.m.m/.mit.. of (hcBr.avfr J.ake aistriot v-cciirs chiefly in two stocks. 
Th.. li r ':. ' of U "d lo. iT. Lhc ...rthcastern part of the district, its southovn bom>d 
n ■ '^^'^' •'',/' '^^,,, ^.,, t,,p e-i-st it is covered by rocont NV,i.h but is <lonbtU-^s connoctorl 

row .trip uf quart, nion/.onite i. oxpus.d between the ImiestoJie unci the hLv.is. rilc northci 
ZX^ is fo-ea by the a..estone. T!u. .toek .. exposed is about 2^ square -^^^ ;- 
ovU'.'t but iiieludinj^ th.^ part buried ben.-.Uh re...Mit w.lsIi ,t is nnK-.!i larper. Ilio btuiul 
sL.irk i. in tlie s<mthi-ast cur.iev of the district. 'H.e aren exposed i« about 1^ square Jniles, 
bu* (his s(ook also is known to be of much p-etiter areal extent, its exrension to tlie south boiiiK 
rsiablished by prosi.ect sliafts sunk through tlie debris wliicU hurivH t]io flanks of tlus range. 
The. .xUMit <>r till-, buried portion is iiui>o.s.^ibie to determine, but it is doubtIei.s fully as great 

tw tiu". area expoaeti, 

Tlie iiurthorn mass is a niediuin-firained o;ranitic voek, in which plii<;'iochise, ortlLOclase, 
honddende, biotite, aiul <|iiarl:i air rciidily reeo.-xni/.ed in tlie luuui sijecimen. Under the micro- 
scope, in ad(Utiou to tliesp, are wwu inm ore, titanite, apatite, zircon, juid vutile. 

Pi'tiogrffphifjratun^s.^^po.v.imo.n \S'2, obtained just nortli of tiie prospects in Butcii Can- 
yon, is ronsich>rcvl to be tyi>icul of i.his muss. OrtJiocbise forms a larf;er iicrccnta^e of tiiis rock 
iluui of (lie typical qiiartx nion/oiiite of the Om^tus area. Tlie plagiodase varies in composi- 
tion from oUf^oohisc lo Ubriidorite, thoufrh most of it I'uUs willuu tlie limits of ande^ue. Horn- 
blende is considerably more abundant tiiiui biutitej the two forming about If) per cent of the 
rock. The hornblende is the j^rpen pleochroic variety already described as present m the 
(juiul/. nionzouite of tiie t'acttm area. It coritains inclusions of ma^i^^tite, to^etber with ;l 
little biotite and unsti'iato<l feldspar. The biotite is also tlic same as that alretuly dcse-nbed 
but coiitiiiuB uuniet'ons incliulod crystals oi z.ireon and some iine Idjrbly birefringent needles 
wbieli are probably rutile. Quai'tz forms fully 15 |K'r cent of t;in rock. Titaiiii-e iind apatite 
arc less abundrjit in this vnck tluui in tluit of tiic Cactus area. 

A speeinien from the ridge in the nortliwestern pnrt of the area is in e\'ery resptset similar 
to (lie rock just described, exce]>t tlutt the percentage of biotite is slightly higlier. Tho nion- 
zouite of the soutlicaHleni part of the district, is dLstiiictly finer grained, tlioiigli the essential 

)i) mil I'll It: 11 I'll 1-1..1 .)•!»• i>im.i.r>. i'.„.l :.. 1 1 . „ 1. .... .1 . . 'm _ ...;., i • i ' 
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nnalyscs, t^ulculn-t^^d on the sumo busis ks tli,u omph.ynl for iho <ju,.rt.z 
Jiroiv (j). 55), ^rivc the foU<>vvm«r miiim-al rointnisiluiu:" 
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Those rocks jjre slip;Juh- kss basic- thtin the (amrtz mnnw>iii(o of llu! ( aetus aren iiml nre 
iietirer ui coiTijjowitiun to llie t\j)iciil qiiariz minizoiiitc. 



quAmv. MoxzoNiTE or thf nocKV nisTtncT. 



The tmarlz iiioiizonite of the Kooky *listrici forms ihc uorOierii half of llie Rocky Run^c and 
cxtoriils jilonfj: the wt-sileni porfion to the southern end, wherp it is present in small stocks and 
(likes in the scdiiDentnry roclcs. Tlie rock is similar in mineral conipijcsition t^u that of the 
southern part of the Beaver Lake dislrici., iJiough it is coarser niid in general luis sulTercd L'reater 
idteration. Dikes of the <iun.rtz nioiuonite cutting the earlier rocks sho\N' a deoreiL*t> in the d;irk 
minerals ami an increase- in feldspar, qiunlzrcmaiiiinirabruii constant. In the sections examined 
titanite and apatite were both more abundiint in the diken limn in fhn bod.v of moir/Ainito. 

QUART?. lIOKZONlTt: OF TH^: ATAR niSTRIi.T. 

The intrtisiive r*K*-ks in the St m- district oeeur in throe main aren-s aiul sevmal siiinller bodies. 
Of the. three main masses, one. forms the northern extension of (he Stftr Riin.L;e north of the 
narrinirtwn-Hick(»rv mine, anotlier occupies the southeastern part of llie district, ne.d tlie third 
is in ilic sonthwesteni part of the distriot. 

In the- noi-fhom area the bii.se of (hernn<,'e ia buried in recent sediments, separatint; it into 
several i^oiateJ hills at the north, hut there is sli-ht doubt of tlio continuity of the mass beneath 

the surface. ..,,., .i t 

The vork in the main nm^^s is a rather fine grained jjramlic rock, li-hL -ray on the expo^^cd 

stirfaco^ but usuyUy havin- a ph.k tinge on fresh fracture, duo to tlic unaltered ])mk orthoela^c. 
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A t.MH(ui..pctinRn V ^ ^ ^ ^ ^^^^^ aiigite, biotile, won ore, aiui hoiriI)U'iulo, 

lii^ineliisc. 

of 
rnon 
uesiaii 
■RMuIs Lm'prnb^ than 10 ]icr cer.t, an-itc iin.l biotile bcin- aU>ut c<|ual in 

u.uiU while only a few vvv^tttU of homhlen.le .ire prescut in the seetioii exarninw . ilio 
„„.'it,o \L a nearly tolorl.-=,s variety, thou-h son.e cry^rals are li-h(. preen with faint jiletM-lu-OL^in. 
liiolitorihows the !^Hiiio<-liarartcrisliesjwtliaLui the other aroi^fleyeriheil. Iron ore is abiiiulant, 
»p,Uit» isrid tilanito nro rutlier plentiful, iuul two crystals of vutilo were noted. 

Speeinien MI, obtainni close to Ihe contact near the Kobcl mine, euntains large pheaocrysts 
of fuhlspar in a line ^q-oun-IiiuLss. The i)erceutftge of plagioelase Is soniowhat liighef thnu in the 
rofk jii^l ilescrihoil, niul biotiio U nnieh more abundant tliaii aiigite, only a few erystals of llic 
latU'" licin-r present in the seetien. SnniU erystab of yJnxou are plentiful. In brie!', this phti-sc 
dilVers from the lx)ily of the roek in havinp a pronounced porpliyrilic texture, beiii;L; slightly 
more basic, having Itiotito n)- the i)nneii)al dark silicate, and showing some doeroase in the 
amount of irou ore. 

The eonicid hill or bi'ob none the intci'scction of the Friseo and Hickory roads is conii)tnse(J 
of a linc-'^raiiied aphtic ro(^k eonsislinii- largely of feldspar and quarts, t'ndcr the mieroseope 
this rock is seen to be jiorphyritie, containing phenocrysts of I'eldsliar and a few crystals of 
biotile and augite. Most of the foldypar i)heriocrysty. are orthocla^c, though there are a few 
of oligo*'-hiso and some luiefoperthitc. The groiindniass Is couijiosietl ot' a niicropegmatitie inter- 
growtli of ijuart/. and ortlioelase. Iroti ore is rather plent-ifid. Tho accessory- uunerals tire 
titonitc, apatite, and /,irco!i. The rock appeara to have origuiated from tJic same source as the 
mahi mass to the south, as w shown by the close resemblance of tho augite anil biotite. It k, 
however, far more acidic, aiipronchiiig an ahiskite in conipobition, uud rather closely resembles 
the aplilic ilikts dcsLi-ibed on page 61. 

la several jdacea in this hitrnsivo nuiss, notably on the east face of the ridge, about IV mihs 
north of the lhu*rington-lIickory mh'.e, tiicre arc dark Icntieulnr masses inclosed hi the gi-ay 
quartz mon/.ointe. These vmy in greatest dmiensiou from a few inches to fully 20 feet. On 
expos-.ire they show a strong tendency to spheroidal wcathev-ng, in conse<|nen<'e of wJiich the 
bowhh'is fonml in the float are usually round and reiulily peei off in concentric fiakt^s. The 
roek is rather eoaivc hi texture and ibirk gray hi color. Feldspar ami pyroxene are the only 
iumend.s readily detected in llie band specimen. Under the nuerfwcopc^spceimcn 155) it is 




...nt or the rock. Ihe augilo ls nearly eoh>rless, with a .light greenish tinge; some cry t^is 
vc a maivm of green pleocluoie hornblende. In (he groundmL the angUe is h^obrli 

.u.nndnla*.^, It ,. the same strongly ])lcochroic variety (hat is ]>resent in most 
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of tbc rocks flescnbecl. Of tlio foin.iuuguoslan silirMo.. au-lu' au.i i.oniblemio arc about oqual 
m umount ami bioUlo is much less iibiiiuhiHt ; toirolhor tliev form alx^nt 2A per cHnl of the. rock 
Qu.»rU Ki uiterstitial ami i'oims aboiii. .i prr cent of \hc rock. Inni ore i^ nburulmil. This iwk 
brts the s,uno mineral roniponor.ls as llio iiulo^iiiti; nvk, with rt IiKjIior r>«»iT«.ntin;e of lVnoiuu<'- 
nesion silicates nn.l ;i sli-UUy btrj^^er aiiiuuiU of phigiochists whirh is ronsidcrablv inoro basic. 
The nuuerul f-ompo^^ilion iunl iho liel.l rolalioiis i^u{:c<^cst. that these mas:ics have rosuUcd from u 
seirrcj^utiou of tlio basic elotmMits in iho inngmii. Simihir masses of lai>for size arc exposed in the 
mlrusive imi^^s west of ihe Old lliek()ry mine, in the Rorky Han-,^e. 

A partial analysis of n speeinien (\o. 151) from the- <:ciilnd pan of Uie mass, by 1{. C. Wells, 
giveri Uie following coniivosilioii: 



J'ttrt'uil •tiittUpiiM o/quRtli t/vtitamt'U/roiii 'hi- '"^I'lr tliarn-.l, I'hih. 
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i,;i 

Caleulaled from the cUiTUcal analysis, the approximate mineral composilion is as follows: 
Quarts, 14 ; ortboelase molecule, 31 ; albite moleeulo, 30; aiiorthite niolcrule, 10; biotitr, au;2;ite, 
and hornblende, 11. In this rock orthuclaso and plagioclase approiieli ocn:ulity in amount; 
the rock is lower in quartz than the ly^iical p;rnnile and is elapsed as i.|Uiutx mon/.onile. 

The rock in the southwestern ])arl of the district is in every wiiy similar' U> thul already 
described, being distinctly granitic in ehr.rftctcr ihoui^h varying somewhtit in oonijjosiliijn, that 
Dear tim Hub uiino beiiifj considerably more acidic than the rock farther \^^ t.he soulh hi the 
main body of tb.o inlrusivc muss. Some of Ihe speeiiuenscollcetiil from the inlnisive mass in 
the sonlheaatorn fiart of tlio district are more basic than those deserila'd above and contain 
(iLstinctly more i)lttgioc!nse feldspur tlian orthoclase. There is littk- doubt, however, tlmt ilie 
rocks of the several masses arc derived fi-om the same parent umguia, the dilferenecs noted 
beiiiir duo to diflVrJ^Miliation of this mauniia. 

COMr.\HlS0N OK AXALVSKS. 

The foUo\snns table jj^'M*^ *'"■ several analyses of quartz monzonites front the Sun Fran- 
cisco and other districts. An average analysis of granoiiiorile and one of quartz monzonito 
are given for conrparLson: 

A'whjacM o/quuiit monwnHifrom tbt San Francisco and adjWint diilrirh. Ul<tk. 
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L Quirt*K^o">nUPore.K-ti»4rM.SnalPmac«eodWrlcu 

Star mass is distinctly a quartz nionzouile. 



Varietu-^-m.o rocks of at k-»sl (.«o distinct H^-es r.rc pro^enl. in flu^ district Dikoso 
I ariewM. ^j^^, jHij.u-rnt loclw, M,nd more basic dike; 
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DIKE HOCKS, 

])ikos Uf 
dikes 

qiiiu*/. moimiiiuc stocKS ai.a luu u,..^. .-. ^f -^ - r- 

'^''l^'yarL"!!"^^^^^^^^ mo;r/.onito dik.. ,irc present in tlio rocks adjacent to all 

tiic stocks of qiuviy^ inoi.zonito. Many of them cm be actuaUy tracctl from the quart/, mon- 
/.onitc nni^srs inio lb(t iuijoining im-k^s, louvin<]r no donbt that they sue portions of the quartz 
monzonitc niatorifll tluU w.i3 forced into ii^^^urrs in the svirroundui- rocks at t.ho tunc the 
slocks were intrutlod. Tlicsc dikes vary considerably m textme, tlic lai-gcr ones reseiiUiluig 
the norpliyrilic faoies of (he <|vnir(z inonzonite. The. smaller diki-s are usually liighly iJtercd 
and llicii- ori^dnal conipositicjn Ls not aUviiys; dtUcrnTitniblo, Ihougli some of tlicm nro more 
siliceujs thiin the main body of the qviartz raon/.onitc. 

Ouo-fourth of iL mile nortliwost of I'^risco tu'o several irregidar outcrops of porpbyritic 
quartz monzonitc stronj^ly rcsend^Iing the porphyritic rock iji tlic eastern part of the main 
mass. Tho lock is holociystalliiic, with granitic texture in the groundmiies, and is appaivutlj 
intrusive. TJie eii^sential minerals arc plagioclase, orthoclase, quartz, and pyroxene, with ii 
little biovite. The sections examined appear to contain ra.Lher more orthoclase than the main 
body of the qniutz monzonitc, but otlierwisc the two arc very similar in composition. Tho 
general rehition.s ns setm in the field sugt^est that these rocks represent intrusions uito the 
voJcanie rocks, and although intrusive masst^s have not been traced directly from t:he qniirtz 
nioiizoiiile into tiie lavd-^ it is believed that these masses are oiTshools from tbat rock. The 
absence of dikes near the contact is, however, remarkable if the lava is earlier than the quartz 
inonzonile. 

Afore hajilc pofpltyniic dikes. — Small poq.>hyritic dilvcs varyuig considerably in composition 
bid distinctly more biisic than the imiin ertiptive msisses arc i>resent \u all the districts and cut 
both the sedimentary rocks and the; intrusive stocks. Tlioy arc especially abundant in (he 
quartz monzenite of the Cactus area in the vicinity of Copper Gnlch. Seviu-al of these dike, 
arc ex]>oaed in the valley ea^t of the tunnel portal and also in Copper Gulch. An especially 
pronmient dike oulcmpy on tho ridge on the north side of Copper Gulch about one-fourth of 
a mile nortli of tho point whore the i-oails brnnch at tho entrance to the gulch. The dike k 
more iTsiatimt tlum the sturounding rock and stands out as a ridge. As t^dll be seen from the 
followhig descriptions the dikes range from poi-i>hyritic dikes not differing greatly from the 
qmutz monzonito in composition to dikes of t,lie lamprophyre tvpc, in wliicli the dark silicates 
are very abundant. The dike one-eighlii of a nnie southeast of the portal of Uic C:ict.us 
tunnel (spccuuen UO) is a gray rock containing rather abundant phenocrj'sts of feldsinir with 
a nmch le.s number of biolite and one of the otiu-r dark silicates. Under the microscope the 




Hi 
A part.«l anab^i. of spH-haen UO by K. 0. AVolls gives the following composition: 

f'ortmt aualm. uf porphjnlic d,l-e rod' from Sau Fraiu^h^ dhlrirt, Utah. 
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IiJ-VKOfS KOCKS. 




uipiHT uuu-n roa.l. it i.s n d.rk-^miy rock .n.l .hows pronounml Im.s.ltu- inintu..V pe.Ton! 

d>ouUr u> U,e <iU<e w.lU. Very perfect crystals of an^it. are abnnJ.nuIr scattered throu-^l. 

the voek. Ihe Land Ions shows a p-omulniass filled witli crystals of l)iotite but the other 

constitiiwifs cut not be. readiiy dotenninod. ilicroscopicdh the rock is sc.m to vvnlmn 

plieiiocrysts of au^ite and bioliti ' 

bioti 

al)a 



th 
notii 



■iiocrysts of au-ite and biolite in a pounthnass of andosuie in ratUatbiK foiU, orthoclanio, 
Lite, nugito, and a litf le liorublende, with abundant iron ore mul iLitc needles that are prohaliiy 
-tLto, The rock bus the composition of koreuntite. 

A small dike jast .soutbca.st of (lie mouth of tiie Crtutus tunnel (specimeji HM) is similar to 
i-ock just do^ci-ibed, tJiou^'h it is soinewliut less basic, carr^inij fveii silica, and contains a 
)t«blc amount of titanite as an accessory mineral. 

Anotiier small diUe, similt;r in composition to those just mentioned, is exposed on tl 
lel le\'el of the Cactus mine, where it is seen to cut the ore body. 
Small dikes aro abundant in the quartx mon/.onite stocks of the St; 



eoniaui rcw pnejioci-\'siM anu iJie nunerais composing lue riX'K <'an not he i'eco;,'mzeii ni tl-.e 
hand specimen. One of tlie largest dikes observed (specimen loli) in the quaitz mojii^onitc 
cuts across tlto- low hills just soutli of ibe Frisco rosul. The rock is dark i^rayish ij;reen and 
toniidns nunieitius irregular crystals of plagioclase. The {jroundmass is liolocrv-staliinc and 
feldspar ervstals Hjid one of the dark silieul*-s can i>o readily dctccte»l. L'nder the ini<'i-ose<)pe 
tiiC plienocrysts are seen to be andesine and the fjroundmass to bo composed of latiis of rtndesine 
and augite, with ahundnnt iron ore an<i ii little apatite. -■Vlteriition is ratUcr pronounced, 
serU'ite, carbonate, antl epidote Ijcing present in tlie feldspar crystals ajid much of the auj^ite 
being altered to seiiiejitine and cfdorite, ^Wtli some epidote. The smaller dikes examined 
microscopically lun'e a siniilai- composition, though the alteration is more pronounced, tlie 
dark silicates beiiij^ almost entirely <'iuingcd to seeor.dary minerals. 

Dike roc-ks of a ciuiractcr similar to those just descril>e.il are present in the sedimentary 
rocks of the San Fnwoisco and Star ranges. In the San Knmcisco Range thoy are most 
abiuuknt in the limestone to the south of the hilrusive mass. They cut the limestone and 
shales in all parts of the Star district, but us they nre small and usually greatly altered and 
more eHsily eroiied than the lime-stone, they do not form piominent outcrops. Ail the dikes 
observed in the limesto.ne are small and so altered that their original composition can not be 

detcrTnir.ed. . . , , i 

In the tlikes in Grumpian Hill minerali7,ation lias followed along the same planes imd so 

elum'^ed the dike rocks that in maiiv phK-<s they ean not be readily distinguishe.l from the hrec- 

ciated nnd altered limestone. In the fragments tliat have suffered least, however, ])orphyntio 

crvstrls lo^vili- the outline of feldspar but entirely alteml to a secondary mmeral are seen. It is 

eWdert that correlation of material so highly oltered ^vith the other rocks ol the .hstrict must be 

unc^rtaiii. The facts that smuU <fikes of the quart/ mon/,onito in the Inuestone near the contaet 

Jui Loeher Chdch are readily rccog.d.ed au<l tluit no gradation of aUerat.on to those above 

d s nhed was note.1 suggest that they are of <!ifferent or.gmal conti>os.t.iou nm ago. fh > are 

K blv of liio same clwaeter as the dikes in the quart, mon.omte but more ^-^_^^<^- 

^ 7-.- Tl c;„.„ll „nlitic dikes are numerous m the monzomte masses. Most of them 

^phi^c <^'^r^;^^^l^^^^ ,,e but a few inch.., and they can be traced hut 

;i*;i:^:;:ar i;::^! l:::i.r:^r^^^J^^^^^ Vith sma., amounts of acidic 
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. ■ 1 1 NinfiiP The iirccssorv minevnis arc npat:ir", iiiniiiu-, njul riitiU'. T'ne h 

sI;i;>l,Kpear .o be ori^dnal c<.nstil..n.. ot the rook. Tin. :elat.nn . n,oro f.Uy d>so 




^11 1 lit I .>L WL-ft"> "i Mil .-viT •" 1.11. ...nM . — ■ --[ -- r^-- 

l«>w rnufn.lcti hiJIs (hree-fnurths of n niilo mtrth of FrLscd; smaller niftsscs are numerous bct 
tho Cin-ljoiiato imd FrUo<i C'oiilnct mines luul south of tho Iiittcr. 

The uilrusive is dark, usuiilly fine grained, cuntuining phenocrysts of fcldspur and, a 
mtjro ODarsi^ly crystalline tVjies. of hornblende nnd Itiotitc. A specimen (Ko. IJ) lV<im ft 
unLM'ourlh of ti niilo a little sout]i of east of Indian Grave Peak i.-^ rather t_\'^>icul of the 
frriiined intrusive. It i--^ a ncnrlj biaok rock, containing nniuerous: phenocrysts of feldspai 
hornblende, \\-iHi n few of hiotilo, in a fine ^'mundinass in which the componont mineral 
not he recognized with tlic unaided eye. Under tho raicroscojic it is seen to contnin [>hc-noc] 
of phif;i( icla.se (andcvsinc to Iiibrutloritft), hornblende, augite, and biotite. The tp"ouudmn 
colnpo^^od of laths of (indp.sine and some smalt ungite crystals. Fully one-half of tho groundi 
i.s too fu\o for definite dctcrminution. Hornblende is by fur the most al>un<lant of the ■ 
silicates. It shows vallnT siiyhf. pli'ochroism from yellowish green lo olive-j^reon. Oolo 
aii^ite and biotite are rather spariaply scattered throui^h the rock, the biotite being stro 
ploochroic from light yellow {(Kinrk bro\vn. The hornblende and biotite show strong res 
tion builds of iron ore. Iron ore is al.so abjjidant as a primnry mineral, making the rock 
in tliis constituent nnd strongly niugnelio. 

fipecimon lo. from ihc durk hillock 1 mile due north of Fri.sco, near the wi»gon road. 
Cixirse tyi)e of the same rock. In it feldspar and iiornblendo plienocrysts »^re nbnn.lant, 
the gronndmiu^s is siiJl too (hie for (k-fiaitc determination without- the' aid of the mierosc 
Under tae- micn,scopo it is seen to have th.. s:,mc mineral c^mpo.sition as (he rock jnst dc^cri 
biolite IS less iibundunt, howevor. and thogronndniass contains considerable unst.na.ted folds 

Sp(>ciincns fro... other parts .,f the belt are in general siinUar to those alre.uly descri 
altliougii they vary .somewhat in composition, some being more siJiccons than those descri 

A parrmi analysis by Ccorgc Sicigcr of specimen 15, from the dark hdlock 1 niile nort 
t'li.so). gives Ihpfiillowmgeompitsitinii: 

/'"■•,';„,■ ,u,>,}m,. ofdiorlU- inlrusiif iu /.uy/.. north of Fnsro Ulah 

SiO 

Aw^ > ^93 MM) 



lu! a littio free ^{iU fh,f »yJT'' ""/.'"V' '"*" i<^':'>«>it smaU quantities of biotite and ijvto.n 
^M.e ratio of Ab^Vn 4s in in w i'" 'T'"'^' '^'^*' Pl'»si"^'J«^« i- «"acsino. wit)i the lippn 
►Utcrops .,f n r«fher^innhn- r Ju n ^^^- , ^^"^P'^^'t-'^n- t^^- ''ook falls into (be diorite fain 

ro< k occur m tlie northern p«rt of tho area near Barrel Spring . 
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ICXEOVS ROOKS. fjQ 



I,. •^'1 "Mnj, rocks «.,.s „„f ,lo.,.rm,.,o,l. A, ..«■„ in the fl.1.1 ,„h1 ...uI.t tho n.icroseopo, Uk- 
rock 1 .. n,o.-c- the appoai-^ncc ,.f Inva ,h,u, „f ;,„ i.u.-usiv. n.ok, ih,,,..!, it cut „ut UsUU-d 
pn^ili\o|y to which oliiss 11 Ix'lnnf^s. 

RELATloas OF THE rSTRUSIVE R0C5S. 

As ;ihp!t(ly iiitliciUoil. iho iiUrusivi> tock.-^ wpit formcil 



^....-B- .-•"• '^■".. ij, .m;i jjimv- i>tuuin{iiiis i.s |iiuiiiu)iy uio oiinicst iiuriisivn rtn-k ot tho dr^trict.. 
As sncii iKii-rh of Hickory, it is iiitrudwl into tlip. »;eiliinontaiy rucks iiml i'.ti<c jiroduccd contnct- 
motiiniuri.hic altorniimi of the limostom\ It contiiiiis iliko>i of tiip qutirt-z niunzonite, iiiuiis 
(lirrefuiT oUUm- tlian that rock. Its rc-tation fo tho volrimic rocks v.'as not- positively dotovniinod, 
but what appear to bo intiusions nf this porpIi\Ty «i"i' prescrii in the volcnnic rocks of tlio Kocky 
Ranf^o, iiml it. is thcroforo piMhnhly youniLrcr. 

QiKtrtz moil zonitc stocks. — -Tho quart/, nionzoiiitc stocks, hkc tlicquurtz diorile, wcro ininulnl 
into tin.- seHiniciitary rocks of the region, aii«l have iiriKluccd j)r«Ki(>unc('il cont:u-|. ah-cration iii 
the limestones. Quartz monzonitc was nbo intruded into the quartz dioritc, a^ already noted, 
and cm^equcntly is hitei- than that rock. Dikes of qunrtx nionznnifo are pres<Mit in (he lavas of 
the Uoeky Knnn;o and can ho tiuced dircetl^y from (he main mass. N'orthwest nf Frisco arc 
dikP-^ of quartz monzonite porpliyry that are probably ci)i)nect4?il with tho main intrusions. The 
])()int of quartz monzouitc oxtcndliig eastward into \.\\i-. Ixw^a ^ |Hnphyritic in eharacter, sug- 
gestive of a contact faeieSj and specadnrite tliat iuis bcon dcvch)pcii locoJIy in (iui hivns near Ibo 
conflict niity be a contact iilterution of tlic flow rocks. In t.lie Bcavor Lake Mountains no dikes 
of the quartz monzonite were found in the lavas, but (he small bodies of this rock along the 
contact of titc flows and swJiments are sni^gcstive of intrusion alonj; this con tact, and the])rese.nce 
of tiniialusitc in the highly alloro.<l lavas sugj^ests that this mineral is a product of toutnct iillera- 
tinn rcsultiui:; from the bitrusion nf the niajjnnvs. 

In many places where tlie two rtK-ks were si-en in contact they )mvc the appearance of a 
flow or HIT ei-osioii surface. In the Rocky <lisMiet, however, tlie quaiM/. inon/.onite is undoubtedly 
thui younger rock, t\\\<\ it is believed that the same rchitlnn holds in the other districts, tJioiUih 
the eviilericc is not as conclusive as could be desired. 

Dll'fx as-sockited -with the quaHz munzoniU. — Tho basic and siliceous dikes in t.he quartz 
uioiizonite were, of coui-se. Inter floin that rock, but arc helievcil to hure been introduced very 
seou after' its solidification. The two types of dikes were nowhere found together and it is 
therefore impossible to state fixnn direct evidence which wiw lite later intnision. The ore 
deposits in tlie quartz monwniito, however, are believed to he ekisely a.sswinted with the acidic 
extreme of difVerentiatlon in the intrusion, and as tlie. Cactus ore deposit is cut by a basic dike 
it seems likelv that some, at lenst. of the basic dikes were hitcr than the aplitic <likes. 

The close, ehejuicjil and nnneralojjic similarity of tiie earlier intrusive rocks leads to the 
belief that tliev were derivexl from a conmion source or magma. The first mtnision eonsLsted 
Mf iho material wbicb soii<Iified to form tlve quart/ di.nito. It was not an extensive intni- 
sion and the material, being fi)re.e(l into cool rocks, solidified as a rather fine gramed porpiiyiy. 
ThiJ .vn.s folI.)wcd bv much more extensive intruskms of material that, on account of thebirge 
masses, cooled slowlv except near the ma,-ins and formed tlie granuUr quart/, moiizomte. 

Bv a process timf. is not well undc^tood. fluid rock m«te..al is beheved to separate mlo 
b.sio .;.ul 8 mceousi-ortion.s. and these may be separately forced into thcovcrlymg rocks, fornnng 

S :t""~ — .i-ir "/Jiiis:: irs:;:" J-r::,*" 2 

rever^t'tl. 
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.. , ■ . .;.„s lollowcl tiLP solMlifuMtion -f tlu- q;iar(/. uioir/.onUo in the ban Fnii^-'sco 
Such '^^^"---^ '"'^ '7^^^^^^^^^ 7t|,,. .,„,u monzonilo in.Ueria!. th.t h.al .liMVu-out.ae.l -nto 

^''^T :l'-fli^-n- quarU mon.onite coar Copper GuH. m^ 

, . V ,MHr.,l into III.' nunrl/. inouzonito before ihat rocU w=is ontirolv sobdifH-.i and 
:::t;: r .: ^: hl!^ !; ';-n.i i>l.-n.in. or M. t^., winch .-o.uite.1 .n a ......1 .-aaatlon 

Zn onrto'Tiuw^ther nUhe,. than ... .brupt <-nnt.cr. The presence in the vu-inity n Copper 

Gui<'l. ..f thi. siliL^H.^ rork, of numerous ba.^ic iliko,s, :ind of o.n deposits uulicutcs that lor some 
mL^on (his louulily was a weak point in the q.uirtz monznnitc mass. On nceoun:. ot tins %fPa^- 
j]ra3 (.lie riui^I lock mutei-i.ils tluir. wee sueecssivcly forced upward ulono; tl>e paths of le'iat 
resistance were inlio.JMml more tdnir.dunt.ly heie than sit any other point. 

D'd-i^ii ^is'smiated nrl'h ihe fjusive rocks.— Tho. basic dikes associutec! \vit.h the effusive nicks 
h;'ve a composition somewhat similar to the n.orc basic dikes in the ([imU monzonile, und it 
is possible fiiat lliey wore intrude.1 at essentially the same time. As positive evidence was not 
obtained on iIiIm point it nuitit be lefl an open question for the present. 

AC.K OK THE tUNKOl'S aOCKS, 

F.-om direct evidence it i.s not possible to dcteiniine closely the a;^R of the intriisive or 
extrusive rocks. The quartz dioiite and quartz monzonite inlrusives can only he said to lie 
Inter than the Triassie sedijnents and the volcanic rocks which the^-^ cut. Similarly, the extru- 
sivo n>eks can only be fixetl as later than the Triassie sedimenls and e^irHer than the intiiisive 
rocks that out them and also earlier than the Lake Bonneville beds. 

To ari"i\'o at a mo.-e detinite idea uf the period in whteii the ij;neous activities in this region 
oeeurred it is necessary to asw'rtiiin the time of ijxneous ftctivity in neighboring districts where 
the presence of Inter sedimentary rocks has made nj^o determination possible. 

It is evident that western Utah lies between the Pacific coast provine* t'.> tlie west iinil the 
Rooky Mountain province to the east. In the former the [jreat intrusions of mon^onitic ami 
allied rocks took place in lute Jurassic or carl^' Cretaceous time. ]n the hitter the main iniiii- 
sive. nuusses ol' monzonitie and aUied rocks ai'e of Tertiary age, iu part earlj' or middle Tertiary, 
nnd po.ssihly in part late Tcrtiaiy. It thus becomes necessaiy to a^icertnin the ai^e of the nearest 
intrusive rocks and see to which of them the rocks under diseussinn most nea.'ly correspond. 

The arou nourc^l to llvo Frisco district in winch the nge of the intrusive rocks luis hceri 
determine<l is the Iron Springs district of Iron County. For tliat district I.eith aiid Ilnrder' 
yive the following sequence of i^eolo^^ie events: 

Tho prmcipttl t'eaturea in the dovelopnmut o( tie present g«>[ii^i(-,i! uiid physiogrj.phic ic;\lure.s ot (he tlbirict 
luw boon in iinlttr as (niktwa: 

(1) D.'pi:«ilinn of Carbmiilertnw limestone, with thin fragaietu.al base, oa baNcinetit unUunwu iu thia ilialrict, 

(2) A piTi.Hl ut iiundep(wiUoii, {wrl.,t[» enwioa, filloived by Hopoaition of Cretaceous ami perhaps some S\xntai: 
&.mA!^Uma, witJi inycrs of mIuiIc, ctiogUimtfril*.'. aiid linu-alone. 

,:*) An .?n>«on inl«n:v!, fullowod by dtp wtion nf I-^irenc linieJilone -.md conglornerate in ru inckaod ba«n, Tlic 
cumUnntw ..iro prinniJiitly ih.«e ut kIwIIow w»tcr, Htmnj? cnrreuty, aud n.pid cbnngca through tvxh Crotru-eous nn.! 
lertmry unit.'!*. 




nio h^mm un.l ni Ih. luljnrcut lunc^tono and ..ff^cting oilier ahenaion.'^ 

' ; pT°"' ''""^r"^' '^'^ '''^'^^"''^^ '^'"' ""^^^ ^'f -SlclimenE^ and cros ai.^ud theifl. 

jriVr.tVZl'i.T^"^" ""■' "'^"*=*^"'™^'"" '^^ "•'^ ^^' '"»<* further altering the .m<ierlying r.x'k., ' 
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UJSEOUS ROCKS. 



^t^f >n. an-e knowu to hate occurred "' "'''' '" ^^^'^^'•'^^'"' '^""^--"« ^'^ 
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Crctac'oiis scfliiuents into broucl ,l„n,o^ > nVr" ■ ,■"' ;"""""""'' '"""■si's li.ive, miseil tho 

.h... tl.o deposition of tlH^C^e^^^^^^^^^^ '"f^. ";!7-- -™ "•■ i^.i.t late,- 

in(.™sion. are knowu to have o^.^uTeT "' '" ' '" '^"'"'•'"'"' '""""•""» ""'"rtian- 

fo. J;:t:;;::t::;.:;; HrJ:^^;^-::^:/ --■ --■<"". ... --.e.. .... 

but nUher fron, ^.-Lwh^^ .Z k^d ^ e ' T^l ZT.xt"' ^''■"^"°' derive! fn,n, ,1« ,„,„.„„( ,hi« viHnilv, 
«rie, may L, tact have bcc.rr;;t!:d ir":,!,! " '^'"""" " ""'°°'™^ "'- '"«" P"' "' "- 







The porphyries in cuoling imxluccd f^vr-reat-hmg mo(;mir,ri,I,mM, »r .suHi ..i ,1k- a.li=ircnl ^.limrnH .s ^d nn*. 

irwo^r, ? ^:;r^'^'"V"" '"'""^ '"'*^ "^*^"' ^'"'^■■*^8 •^'^ eoucr..! northc-n.1 <.in.cti.,n o( tt.o .u.k ...I'di^^ 
.^r.-r n , Tl C"I>ru'orou« j,,.-:t., .uu- blon.le. .,id o.l.or minor..l. Soon .fter .1,. lino of .l.e in.n..io» m 

pl.lt mu.< h.vc tok«. place, .aiding the I.eaviiy ^-dinK-ra-LuIet. m,.t to big!. cJev«ti.n., thn3wing the.., n» wrll ^ 
tiK' underlying partly plaatic granite, iuto genlle dome-slmp«i .^vclh ur .vnlirliQea. I-Smtllv. tho hud provin- ,oy 
htavy, MiL^ n^^n aro.a hroke iuU, lmffu»eut., «-hicii gr^^unJly settled <iowD. formin,- i:w.nooIiin,rbUk« utou:u\ tl.c more 
resLsUiul bultre&iea ot Coromido ami Copper Ku:g niouiilnina, and iractiiring BlUi further m llii^y «olUod 

The tonntry w;.s now a bud aroii wiHi ruu^h to]Mi-:^ipkir feature^ t-) which !h» faulthi? ^outribut^d important 
eimenla, Au ac-t»ve ornsion foUow-iiii;: ihe epoch ot faulting hna cot hwu able to i-iitlrely cffi.ro this ii.lUKiiee uud 
thouph obscuRHl by the Tt'rtiary lava fluwa, th.?j,G fault K-arp^ arc alii! dominaiu Iratu.n..fl vitibK- in the granite bluffl 
of Cor3uado and Conpiir mMunLiins and tlic dowiitlirowii ralley bctTi-wn them. 

During Ihiscpoch of erosirm the priiicipal valleys, like thoae ofCh.;«- Creek ttjid Sm Francisro River, wew t-jtrv.xi. 
Sail Fruncisco Valley is, however, prijiii'.rily n£ alraruiml origin, belli- detoraiined by tltc gmit Oro\ille Unit. 

Vokrf-Tiic eruptions of grcut volume occupied tho latter part of the Tertiary p.-rii)d and loaaidted i-hiefly of thricc- 
r,^pKit('d rhyclite and Iw^k-e-re pealed bjisail Aowh, with subordinate cwa.*3 of aodesile, In plwe* tlii-y are over 1 ,r)00 
feet thiek and almost entirely surrounded the old gmnitic butta*a^"f. 

Lmtlgrou, Grafon, nnd Gordon ' give i\w followbig summary o( Tcrlinry jiiul QuotPrnnry 
events for \g\v Mexico: 

At the cloMC' of Crelflceuus time the Ioiu;-in?.intained eoiidition cf qviiciH-^ont^ and scttrcely broken (lerindyoi dcpusi- 
tioQ ceased. Here, :i3 elsewhere iu t.ho Rocky Mountain region, the depc^iitiuii o[ the Cretaceous bi-ds waa followed 
by an epoch of i;^neoua activity iind of mountain building, during which thn mintt importanf sf the niineral deiKwifx 
o( tile Ti5n-it«>rj' wnro formed. Intnisiona of large rauasw of moDamilic nuigmas s^'cm lo iisve ctmpfituted the fiml fltrp; 
ibey were forced in underneath the pliable and tough n^r.nllc of Cretaceous s>edini':-nta, bulpuigitin liiccolithir fusion. 
Their diatribution corrcapouds with the z^mo i;f orogcnic disturbance and with the )y>Ai ^f miiiera! deptwitscxf'-'ndiriK 
ifct'n>*tthe Territory in a north -northeast and south-soutiiwestdirocfion. Th<? marine conditi<iti- cea-it^d, but during tho 
Eoct<n?- Iftkp biiaina were probcbly established ui the north'weatem jjiirt of New Ntexioo, piRii-ibly also eLscwbere. 

Mounhiin building- occouipauied and succeeded infjasion, ttTiilo etioditions alill reninbied quiescent in eftst'^n 



111; i.in.»v i.Hmui ami' mi v, » iiil ii ui iiii ir u i>ii ±ii<nt, m miim s.-. i t^i- 

lieally developed in thi^^e^it^n than in thcLirea from which it receiver* it^miioe. Knowledge coocernhig the mecb:uiif-a 
d/ this mountain buUding iwH-mowhiit uiipprlain.aad thepurpcveflof thid report do not require their detailed diseuadion. 
It isguiBcieat to any thut the Snadia, Oaruni, Saa Audix^as, CabKlli-i, Onfan, ond other rangee, which lit* m the Koutbern 
comiiiiwtion of the Rouky Mountain U[i!ift, clearly show this combinarioo of a fault ft.-arp, fiicing enat or west, with a 
monot.''«'0 slopuig gently in the opposite direction. Foidinjr is absent or only .i]i;:;hEly deveIop«*d. 

iGllWrt, 0. K., GcoioByof Uic IK-nry lioiuiljiD>, I" . 3. Qfl-'i?. ami i-roi. Sur%-»>» Ti«eky Min. Eftg!mi.l«77. 

' I iiidKr^n* WnWcmar, The copirr depctrfUs of Mia Cllflcn MorvGcl dfankt, Mlwa-x: l'ro(. P»prf I'.Ji. Cirol. Surv^j- No. 41, I'flC, pp. W-M, 

» Lln<lBTO«- WaTilcmar, Graloii. I.. <•.. uiiU Gortlwi, C. H.,Thco™ Jepct.lr»u( N«w Moxkt); Prof. I-uper r . 8. (iwl. Sursf y Nff . M, IfH^ pp.32-34. 
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66 GEOLOGY AND OHE DEPOiilTS OF TUE SAN FIIAXCISCO liEGION', UTAH. 

Dnrine Hie siroe e[>-K-h the desert raD{.'»-9 ti the wuthweskiTi ix^.rt ut Now Mcxu-o wen; oiitlirifd by inl-ru^ioitf aud 
bv fauUinp, though bric the ruonw-liiifs are (or k-ss cunapiruniis ;iud t-rosion seems to liavr bcvn the most a<-live lact.* 
in' pmhu-hip the prvscrit mount^iin forms. , .^ ^ , m -, • j .1.- ^«: 




Iq Lhe Inter Tc-rl inry (Miocene epoch) a liike of lar^e exU;ut iippearri Iri have esifted iu the upper Rio Graude vf-^'ky, 
and iw depctfils are kimwii as the Santa Fc marl. Some 0/ lhe dep<tsils assigned tt> this age are probably subaeria', aa 
held by D. \V. JnhniK:<n, who exaoiiiied Ihem neJr CerrilloB, but tbere can be little doutt that tncustrine conditlc«» 
prv^vnUed at other placw farther north. 

Toward the ckae y<f the Tertiary there was a third owtbreak 01 igneous iictivitj', Basalla were enipte.d in large 
quantities and Hprend over \'mX areas, coveriDg the &inta Fe ia»rl, the en:>dod older aed iiuenld, or the infruaive t'vVa. 
Ku<h hiiJBltfiowac^ovtTconsidembleftrcajin \11riQn3 [xirta oi the Territory; for instance, at Raton, in the itK3lhillst-aH 
of the Mnni uplift, along lhe northern fcuri^ii of the Rio Grande, and at many pointe farther south a-long the sitne river. 
There arc also comparatively recent D;isalt flows alorjg the .Mexican boundary line bctwocii El Paeo ;-.nd Tn/^ 
HormannH and at n numbor of other places. 

Bnaaltic eniplioiia continued during the Quaternary period iiud such eruptions of minor extent have taken place 
vory recently. DurinR the early part of the Quaternary there was a heavy accumulation of land depciits forniiuR 
iutu«>. of coan*; gmvela (known aa lhe Palomaa-i.vel), which filled many of the structural trou-ha to a depth of about 
1,0W lect, Ua.salt llow« were poured out again hUmt the deposition ot these gravels, and smaller flowa of R^l'tcnt :r<. 
p.««ibly erupted only a few hundred year, ago, are found in eastern Socorro and Otero counties and w-jctem Dona 
j\na nud \(ilencia counties, 

Sm.« -Ik- m;m, pari of the basaltic oulbuMt te^i, c-rcion h:.s taken place, Tbe ii-holc upper eunyon c.l tl,e Hi» 
G^nde r;lt!,,J':r ' ^"^-""■>^"-<' "^ «- '°™«"™ - ^»-' '.—,, a, wen .ho^ aloo, the B:,. 

Jowe. ,m, fcmttl, ' ™i;sidor both the uilrusives ,mn extras.™ of this «rou to be of Tcrtiin- 
ago, though .he ov.dcr.ce o„ wl.ich ,., ba.sc a d,Me,™n,...io„ „f t),„ „„« of the tneol rocfo i, 

nj^^r;^?'' ""^""""^ "- "«" "f"th;i„tn,.i.c rock, at P...,. City i. ...o.e inclusive. 




!!~^?5^^ --^ '- -- CH. ,.e.,.H 

' uSfL'j'M *^.!!;l !™'"'- «■.<>■. Nil>Hm,.h A„„, lU 
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lOXEOl'S ROCKS. 
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'™'^'"'- Mariiifl depasiti.. uii ludini; tiincstoiie .p, 'h-ni^Ht n*tu,u 

Siinilv;r (n*dl^ in bofl. re.nnux *"" "*"'*'■■ 

? ? 

J"^-'-^>'- '^fari.iodepu«it.., rlnerlvslawa. ' The s.inc, 

Murh volcunit; activity ^ lie Rime. 

It'l^'-"" Or«.t cIoform;itir,n bv loldin- It '■''''^'""' P'"*^'"''*' "*"*'^- 

CininitoLnnisioiia..; ■" Ihesimo. 

CmlJii^ima. . . Erosion rjeriud .... rJ^"^^^''^' 

Dr.nn;ipe lo tlie sea .pj^^ _ 

'^'■'^^'"'>' t'<'ni.i^l*'tHm or gre-at en>i.». cyri? with pircuirt'io'n of'Io^v"^diei■ '""^' 

parlLil penepknulion The «ioje 

Ore=.tvor.unr;,ctivity The ^..nc. 

Lake l)od« deiKiwted T[j^, j^.,„^ 

A certain iiramnit t.f dcformiiliiia in liitwTerikry iNLHKL'iiei. . . The eame 

Imenni Upheu-iil by facMiug and (Utin- W;>iin ' The&me 

Plei5tofPMc..(n Period uf firosion, pmbi'bly with ronticued uplift '.'. TIioRimc! 

(2) Fresh wukir liken ;it oust buss (Mouo. et.'.) I^ikc L:ih.m(;in. 

Two ponc.d.H of ficiiding, *itb inlvniit-diiUo desicailion TIil' smio, 

Olaciatkm :iL least ptirtblly t-oincklenl/wUIi late periods GI:icu.Uc.h reporiod from Star Pcik, 

bill ri'l-itiojiBbip to Lil^o iuitd<;lt>r- 
niiiii-d. 
■^•^''Piit Extensive defictnti-.n of iii:;i' bjisins; fuultin? uhms old Ii;iGs. . . Tnc. miik-. 

Kroin this siinimnry it ujipi'nrs that the inMin intriLsiro mcks <»f the Uinnb.)hl(. region are 
Odnsidercd to be of pro-Oretii(«uus Jij^e and the eflusivc rocks of Tertiftiy iige. 

From an extensive rccoimaissflnee in southwestern Nevada iMul soutlienslern Ciilifornin, 
Ball* reaches tiie following conclusions concerning' the events nf later geologic periods: 

After tJie deposition of this limestone fPeriiisylv.uii;in) the are-.i w:n prubsiWy Iiit*d above the seu and iicvcr a»nk 
benealb it agnin. The period of Pitleozoic sediiuenlalioirUnis cflncluded »tis ufw(.(t*iKled by volraniani, wiMi i-he 
postible exception of Ibat which produced llie mcliimorpht'jed bosic ii^ncous rjcks of the j\nLirg(iKi llaiige. 

King believed that r-onteiiipanirK-ously *itli (he einerguimr o: thta portion of the Great Basin above the wa the old 
lard DJflM to tlie west, sulisided and iluit upon it were deposited Triittic and Jurasiic rocks. He furlher believed lliat 
tbe raoges of western N'ev;idiv wero formed at (he siiuo lime us the Sierm Xc\-ada. or ut Uie elow of the JuniNdc. TJiiK 
seemji very probciljle from tlie (^enen'i pirKllclistn of ihe Xe\'ydii raugea with the Sierra Xevada civt<t line, piirliculurly 
&iQee8*^™c of the nuigt-fi vest of the urta eurvej'ed ^rc (ompo^ii of folded Trin-Htucand Jum.'«ic racks. At thin lime the 

I Wetd, W. H., Ore dupteJIa of HuUe, Mont.: Dull. L'. S. Qcol. Sarvay Xo. 213, l«B, p, 174. 

' Liu<lK«B, Waklomar, aD«l Dnkn, N. F., N^iniiia (olio CN». MB), 0«>l. Atina V. S., U, S. f;«il. .iutvit, IWH. 

» toiidcrback, G. D.. IlnHiri-nvrne slnitlun' of Ihc UumboUt n-Rlonr Dull. Cwl. 8o.'- Anwrka. '.il 1 J, IWH, p. :«0. 

(DaU, S. n., A gccJoyii! ro(«mii[ffiiin« iu iuulbw-eslerD Nevada aod tostwn Caliromta: Bull. U. S. fJw*]. amvBj- No, 3C>£, 3W7, pp. :wh:'. 



O.OLOGV AND CUE DEPOSITS OF THE SAX FRANCISCO KEGION, UIAH. 




kilerof dkirito porphyry nud dioriU;. 




i r:iie<>/.oie m-ks-for exuraiilo. the Kawith Range-wero fully us liigb and ni.c-^-d as t-lie present ranges. 
in<3 Focenc iiiaiiguntcd the Tertiary pcritxl i>i ^■ol.-lnis[n and l.ik.;-tediDieiU;Uion proce**;^, accompanied by 
iinport:int, dofi)mii^tK.ii. en^-ion. and ere depwitinn. The Tc-rliar>- igneous i-ocks, beiu? largely m ftowj.. ui contradb- 
tinclioa I^J tlie inJrUKivo p.»ii-Jun)teic r*:k.H, pnxluced but liLlk- contact mctamorphuim. The pdrmmiGury of Uie slruc- 
tum: linw, inituilcd pmb^bly in early Cretaceoun time. h;ia iilnr,icy boun mentioued. Along Ibe-e liiies r:>e Tertmr>- 
doi"'«Tiiation orcunod, while many ol" tho main la\-a oxtrusiona buret frum nortb-soutb vontsiilong pre-Tertiiiry mountain 
rid-^cs. The lirst bvii to outflow Vafc a rbyolite, which wns fallowed by monzonilea and iicidic iindcsites, in p-irl intru- 
sivo bodicH, Next tbem w;i» an iinpfirtant and probttbly long orcsional interval, followed by i» mighty extrusion of 
rhy[>Ut«, whidi eqmU or exceeds in bulk tho \y.isdt. outflow of late riiocBue and early Pleistocene time. The rhyoiitc 
in turn ftiia lollowod by andeaitcf jind dacitea, and these by unimportant rhyoiitc^, immediately preceding I he deposi- 
tion 01 tho JSit'bert lake bedn in tho P;\hute L;ike. U wa^ prolxibiy diiring tliis general period that the avyst impcnant 
oro dfpvsit-'i in *.he Tertiary nx-ka were formed, preaunvably by miters lieatcd in ihi^ etill hot magmas. Betn-eeii llie 
outflow of llie rhyolito and the formution of tho I^hute Lake erosion v-iih probably continuoiit). parti'dly c.< ■ ouiiling 
for tho foniiuliim ui the lake basin, whicli in the main, however, originated tlirough orogenic winking thiM vnvs pos^^ibly, 
in part, consequent on udjualmenta duo tn the extrusion of immenao nKiKw^ of livn, a bypotheais sii^^r^sted by Spur:. 
Tho P;ihulo Lsials covered pmrticJiIly the wlwlc urea surveyed, although the presence of coawe conglomerates in :bc 
Kiiwich iiiid AnwTi^r-Kt mulct's and the BuUirog Uillti indicates that nigged islands rose above the fliirfc.ce of the lake. 
Wliorever tho former elioroa ul the hika aro now seen it is evident that the eurfarc of tiic oMor nxkn wc-^ uneven and 
thoteAch ihland wii>i furioitr.ded by islcfa. The climate must have been motit and the presence of fossili/.ed wnti':l in 
the Ii'.ke beda shows that trees ilouri^iliod near its sbarea. While the lake was thus for the most part ircsh, periods of 
aridity alteriiuted with those of compnritive huraidi'i,y, and I'le lake or portiona of it were purtwHy desiccated, per- 
milling the lixii! precipitation of liiucslone. gypniim, and boron miuenil.^. Volc-auic Sows and explosive eruptions uf 
rhyolidc nuitt-rivl occurred nt various liniea during tho exi>5(ence of the lake. The Pahute Lr.ke was destroyed in 
part by tho incn^jHioi,' nridily of the cliinale Jud in p^irt by delonruition, which wiia accomiwtiicd and immcdutcly 
followed by tho ex'.niHitiu of rhyolito. Gy tbi*i dcforniiuion ihe wliolo »rea was uplifted with attendant soulhw.irci 
lilLuig, which acc*»unt8 for the relatively low wJtitudos occupied by tho Siebert kike beds in the iwuthern portion of 
southwpbtern Nevada. Furrhermore, the deformation, by dilTerentinl uplift, blocked out the mountoin ranges as thev 
now appear and lormed miiny of the iwlosed valleya by br^ud folding or waqiicg. Death Valley wua at this time 
firat outlmeil, though it was depreswd lat4;r, probably m the late Pliocene or early PleirtCKrene time, by block feiultmg. 
Exteasivo erosion uAW,vcd and before tho end o( Pliocene lirao it had reduced Ihe surface to niaturo nod com- 
pamUyely gentle toi> ..^r.Tp'uy. In restricted anr.ia the Piiocone-Plciatocene b:isalt. .-.ppeaw t« hive flowed upon v. tcral 
pen«ph-in. In lalo Phoceuo time the clim^vte wius moist and v. iihallow lake prohahly covered a considerable are* in 
itie vicinly of Goldfield. The older «IUiviu.n, a formation widtly dielributed over the area, mav be considered as 
dopowu. 01 tho^N.-a»ing ,\^', of thi« lake period in the inclosed valleya. Toward the end of thi; peri.xl the basdt 
ex rwioii tfnched if^ chm.x. Lp!i(t acco.npaui«d hy m,rmal faulting and folding followed the deposition of the 
oldur nlhnium, and at thi« time orosion appe.-rs to have been very active 

^r.^^'^l!^^^"^'^^^"':^''''''''^ ""** hmdH hr.. iwlially filled the iuclo^sc-d Ntilley. with bowlder., 
^.^,^^ , l«, rjul s.uKis-d6bria fmm the w.wtmg mounra.in9-ai.d tho proce.^. 18 still "oin- on 

Titus dosoription and the general section from BaU's repon sli'ow that the main aranitic 

^n^^^? r''""" "■ '*"^ '^^^"^'^'"'^ ^■^'^•'^" '^^^""■^^ "^t ^'^^ ^'lo^- ^^ J"^-^i^- tiB.e;toug]i 
Hru-hyolito '""^='^°"'^"^ ^^^"^^^•^^ ^'^-^■^■-<^ "^ the early Tertiary, after tho eruption of the 

nai».u.co, and the pc^ibilitv of tj^b "b J^T r,^^^^^^^^^^^^ ^ ' "'"" '"''''^'^^^^^ '^" '^^ '-'^"-^ "f ^^^ P-^^nt «.eon: 
^ '■^'""ii> 01 U8 t>i'\Air a r^-rltary mtnisive mass is still open to o.iufidenrlion. 



lliNEOUS HOCKS. gO 

foilo\wiijr sfiitoment : 

k Jll'rVh '"?'r" ^""'T'' ^"^ ''';l^i'''-r. in place, iatmde,! by i,m«,„s ni.^..« „.l ,lik.. whirl, am ooa.idor.bly 
Jurassic «r ourl y Cix-laccouH r.jv.^ uiul <.f llu- ^.ne period oi imru«i(,n a^ Iho bathohlKs of C;.lifr,n.ia «ud ^-Jwm Nevada, 

Tile extrusive locks of this region nro of Torfmrj' ii'^e. 

Spnrr - gives tho foUowiag sociuciicc of .n-eiits for tho ifcadow VaJU'v reLnon soutliwcst of 
Pioehc, Xev.: 

Out <,f th<- c:.nt,Hc!»l«'(l coiidilioi.a nb.^i^rv-d :M m> niuiiy iK.itits in fho x-aJh-y ,.f Mwdo»\- i.Vck, tbe followine rough 
SL';}iipnc(' of fvciifs m::y be pi-ovi.siniiidly laid down: 

I- '^f'ltosilion oi the Pak'czoie w.-rit-s *>{ quartzitcs ?iul linieHlyin'M, 

2 Elonvlion of Ihia t«>ricM t.. a kmd r.us^ mid Iho erosion of the rocks Id ])mdticc a syslcm tif niuuiitains and viillnys 
This wasiidendcd by -ilile or no fuldin^v 

3. Pourint; out of ;iivit Dinssc:^ of whilij h\i>\\\.Q rliyolitc (early Tertiary). 

4. The ionnaiion of a t-oriea oi w;\tor-l;iid rhyolilii- Kindstfliiea mid (eft's, inferbeddcd with IhJti nhecld of rhyolito 
and rhyolifo brt-cciim. Thia wboie sitll's is roufjhly e3(imp.ti.'d at -VOCD uv'f. thick ;iiid at Ihc f^>p cmilains relatively 
mon- tuifa, wbile at the bottom iberp an- reltiiivcty mort- lavaii. Scvcra: slight uncoiil'oniulifiiand macy alight ororion 
g,ilis ix't'iir in ihn series. 

5. Foldin;,' (u a considerably dei^ree oi tho whole cniet. 

6. Explosive eruptions oi pyroxene i^.ndesites and latilea of iiKMlomio cxl«3)t. 

7. Tb(! formatioi: of a w^rica or water-laid hrowu volciinic lnfft!urKvnd«li)nci*nnd btx'ceia^", wilb inlcrbedded qiiwlz- 
b(Tiring volcftiiics, chiefly dacitos »nd n?ddish rhyiili(«*. Thti suidatoncs were rclativdy thick at Iho bottom nf iho 
scrips, tho vulranics at Uic top. The entire thitkncss oi" the scries ia wlimatcd ;it 3.500 leot. THito lire somo i)0(ty 
erosii>n inlorvuls, 

8. General I'okling, iX)ni|>;imti\'<dy ^vritU;. 

9. Depvisition ui at lea«t 2.000 feet of briiwn or red cnDgbiuicratca und 8:)ft. saudt^tones. whirh nni iitx'onipanied by 
verj* few vuleanio flows nnd wt arc distinct from the precedii^ foniiafiim*. They have rvBtvined miirly linrl^uDta 
and arc probiibly, i:i lajRo purl ;Lt lea^t, lake beds. Th'jy have been refflm-d to Ihv; Plit)W'iiP. 

10. Drainage of Iho Pliocene lake, erosion itod slight local folding? hi the Plei-itoaue. 
Ji. Oulpnuriug I { (bin shrx'ta of rhyiilite, tordrilUut, mid p>Toxeno ■olivine bawill, 

12, The foiTuatioti of a smuil irnotinl of high ttiwjini gravvl". 

13. riittiiii; ilown of the eaiiyim bed tn ils TirpHtint. ptwtition. 

The thickncc.i of Iho basal rhyohie is not kaoven. A wry roagWy «il.iraaled aeciie* ol the oi-ortytBg fon^ationp 

is aM follows ; ,. , „ 

Snltoniii iUamw yalUy Canyon. 

Khvolilv tuft" w.-rics •. OfW 

Andesite *''*'' 

Red lava and sjindslone ■ ^^' ™'> 

Pliocfiu' KHidatuiifu und roaglomeralfe • _'h^^ 

10,600 

The -^urcpssion of lavas, to far urt fail be nude out in ibis confiisK'd KXfv.m. i^ an fr.llows: Biolito rhyi.lile. pynixeao 
cndesito. bioiite-horcblonde-quarta lutite, bvollte-homblende dacite, qunrl* lalito or r»d rhyolilo .uul lordnlUt;^ 
pyroxwiOH-tUviae b;Ljalt. {!:lassy rhyolitij or tordrilliie. 

Thti San KrancLsoo nnd neighboring distrir.ts lie on Uie wostpni niaigin of the Kocky jroim- 
tnin D.-ovince, which t^xlemls from sonthwestern Arizona nnd Mexico on the south to ^^-estern 
Montana on tho i.orth, nnd in which, us shown by t.h« descriptions abovo quoted, the mam 
ma^es of granite and monzonitic Intrusive rooi:. who.e age ha. bce.n do ernun.d «re TerMuvy. 
Tl rSou Springs district. 40 inUes so.th of the San Frnnoi.eo dtstnca, ls about the .au»c djs- 
an .e Xt fi otn the main axis of the KoeUy Mot.utaitt belt, and the P«vk Ctty d.stnc^ to tho 
nTth is aLso nearly a. fur west of this main zone of Terti.ry u.ftis.ves Tt .-s.> notable fact, 
r 1 tl^.r^v^t of the San Frniicisco reglo.i, so far us can be judged ftx>.n pubhshed ck^scnp- 
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r t'Tc:;i;r^ w t caluc nctivity took place is uncertain, but it p..bably oxteo ed 

o 1 on h X po. H, „,ul m.v hnvc continued into hU. Tortiury Umo As sl.nwn by the 

Wc ' a . in HH^t of tbe<ii.slrirts the intru.ivc rocks wore curhor thnn the extrusive, 
; c wo n epuratocl by .n opoon of erosion. Tb.o cxlrusivc roclcs arc o moduun .on.po.^. 
tnlv^Z^^ nrcas in ifi.h,J<\ it i. not surprising to find that bodies ot sun. h.r rock luu-e 
brel/h.m;dcd i-,-o iU. Hows foix.in. the monznnitic bodic.. Suc-b vs ibo. case u. .be I mt.c «nd 
M.irvNV dc districts :»s well us in llio Sun Fjaneisco district. 

To Mio norlhon^^t n:' this di-slrict (lllbcrl ' found that tbo latest basult.o flows were post- 
LdacMd and it is possible th^t the olivine basalt that, fonm the latc-^t flow U) the San l-rancisco 
rcLdon'is much later in a-c than the main body of vobanic rocks. The rclalioii of tliLS basalt 
to the other flows is rml clenrly shown owini; lo its buiial under recent seduuenfs. 



STRUCTURE. 



The lUKJu -itructutid features nf the rcrrion have resulted from the iiitnision of the inonzonitic 
stocks and 1-iie subsequent breaking of the region into blocks and the fUtu)^ of the blocks to 
form the present niuuiitain ranjijos. Folding is of tnbor importance us u ^tructuitd featui'e. 



Fdl.DS. 



The oidy point, withii\ the rc^^ion where folding of the fovniations whs observed Wiis in the 
Grampian limestone areii. In the ranyons north of the IiuJian Queen mine the lower beds 
of this limestone are folded into u broad jinticluie pitcliiiig gently to the north. In the iipiser 
befis of (he limestone the weatei-n limb of the fold has been entirely removed and the beds 
present the uppeanince of ii purely nu)noclinal structure. In the Beaver L.-ike i\tountnlns and 
the Koekv Kiuif^e tbo domimint str\ictuve of the earlier beds is that residting from the intrusion 
of (lio sediments by the qunrtz mtjuxonite, and if folding wils present, in the buds previous to 
that event it Inis been entirely masked. In the Star Range folds were not observed. 

Concerning the [wriod in which the folding occurred, the district presents little evidence. 
It eun iudy bo stated (bat the folding whs earlier than the intrusiitn of t-hc quartz niouzonite. 

STRUCTirKE KESL'I.TING FRO.M IN'TRUSION. 

Although the iiitrn-jive stocks have in general broken through the sedimentary beds rtithtM- 
than spread out ui laecolithie form between the st.ruLa, ye': the huge stocks, like that of the quartz 
monzonitc of the Cuetua area, have distinctly domed the sedinumtary rocks. Tho sedinicntarv 
ft)rnuit.ious dip away fvom this stock in all dii-ections, and it is probable that the sediments and 
Ittvaa a I liiglun- liorizons, now removed, were do[ned completely over parts of the intrusive body. 
This relation is leas apparent in other parts of the district' where the intrusive luasses arc 
sma Ice and m s.uno places, as in (he Rocky Range, contahi only detached blocks of the scdi- 
meutiu-y rocka. Fi^av 7 gi\-es a generalized cross section of an intrusive stock 

mat b^M-onY'S of the sedimentary niat.'rial that fonncrly occupied the space taken up bv 

»Z^^"'^'^ '"r ''"'''*"" ^'"^^ ^"-^ ^'"' """^' ^""■^"^'^^^ but as yet without a general 
^^d ?t ^^l' H ^^*'^,^'^"J''*^"'^^^7^ ••^^^'*^" ^vas not favorable to a study of this hnporlunt question, 
and It v.^\\ therefniv be passed o^-er with little rilscussiou ^ 

i-nciM,s m.ito..i.l h I ■ I ■^' V ^ "*■''"' "" commonly known as stopiim n) The 
! \1 ^ "''"' "'"■^' ''^'''^^^ ^''^^' '-f t'^^g procc& ^es may have been active. There 
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.nlr„s,ve „u..s forced ,l,e s,..li,n™.,„v rocks bodilv b<.f«,v it ^ ' ' "'"'"' ' 

-I'L spare loi which was ]>ravKle(l m that 
roimner. In oilier parts of Oio region sticii 
evidence is not so well shown, ns tho sedi- 
ments arc not, Px|)osed *-Oini)lcl.ply tinmiul tho 
slnrk-s. irowcver, tlio wTitcr luis not ob- 
sm-e<I ovitlpuoo of hiiportmit "sloping" ac- 
tion by tlie ijwadinj? miigma unci is iurlLned 
to bolicvo tlint. tlic intrusions fonnd space 
V('!T liiri^oly, if not entirely, by forcinj,' nside 
the c;irlier rocks. 

FACI.TS. _ ^ , 

Tho most iiTH)oi-tiiut structural fcjiUircs *"'*'^*'' '•-'^^''^'^'"nwiJccwM i*:iMi oMmnwJvc jrixb,6iHiwioi:.s.ir- 
nf the region arc the result of f.u.Itin-, which ruu.di„,a««.r«»^- ,n.,«..K,rpuunu 

here, as in otiior parts of (ho Oronl Basin, huH hocii a j;cnIo'>:ic factor »>f priinc inipcrtun.-c Moyt 
nf tbo iiuiirs whoi^e relation-; have been workcil out can be cJiissilieJ nmh'r two types— normnl 
faults and lateral faults 

NcnpA^l/tudf.-i. — Nonnul faults arc those in which tlie hun^ui^ wall is tlie downlhrown side, 
and t:hey nre -generally iiiterpret<'<l as indicating that the region has been sxibjccted to a force 
tendiiiij to draw it apart. This type of fault is contraatett %Wth reverse or ihnist faults, m 
wlucli the hani^mij; wall is the uptlirown side nnd whtrh are f]r''ner(ill3' interpi'cti'd aa indicatuig 
that the ren:(on has been subjected to a force tendiiis; to compress it. 

The norunul fault Is the type usualJy ossoeiyted with the formation of the basin ranj^es of 
the Groat Basin and similar block-finilt mountiiins in other locnlitics. The Sfiu Francisco 
Mountfthis arc believed to bo of the basin-range ly\yo, being n tilted bl'H'k bounded nn the weat 
aud in part on the cast by faults. Since the formation of these mountitina erosion has been 
HClivo and tiie wi'storn face exposed above the recent scdhncnts has doitbdess been worn bixck to 
some extent, so tliat at present it is not possible to locate (ho exact position of the fault plane 
that detecniiiies the wpsteri\ front of the range. It is believed, however, that a lino eoimeethig 
the ends of the most westerly of the spui-s extending toward (he Wa Wit VidJcy will very closely 
mark the o»itcrop of (his fault. The eastern or Horn Silver fault, muned from Iho mine m 
which it is best exposed, efln he triu-ed from Squaw Springs Pass nnrthwartl for alxint 1 j niiJes Ut a 
point where its identity is lost in the voleinnc rocks. To the north a strong fuujt is encountered 
ill the shivft of the Golden Reef mine near Sawniili Canyon, and wliat is apjjurently tlie sonth- 
wtvrd extension of this fault can be seen in Barrel Spring and Moi.^house canyons. Between 
tbc5C points and to the south of Jlorehonse Canyon the brtse of tho r« ige is deo|)ly buried under 
quartzitc flout, rendering the tracing of the fault impossible. 

Ko (lefinite e\ndenco of ti connection l>et\veen tho northern exposure of the Horn Silver 
fault and the southern exposure of the Goidou Reef futilt wns seen. Th general relations indi- 
cate ^.hat a fault existed before the intrusion of tho qnart;^ niouzonite id tluit tlu^ intrusive 




being the downthn>'wn side. At the Hor^Uverjime the lmieMoiu._f.^MraU is niai^u-ojind 
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RE DrPOSITS OF THE SAX KRAXCISCO IlEGION, UTAH. 



""'""""■ m, amo V o bT ho .lownwav.! oKtonsLns of somo of these fauUs are eneonn- 
l„-,..c-x:.at.nn, Wl.. t, •IF","/' , ,^^ ,„„„^ , „,„,„,. ,1,,, ,v,„l„ strata 

'<•'r^"^'''^^ n tit " V si ™ but .IWu ,li..,.lac™u.,,., sonu. of tluMn bo,i,.g ropvesonlod 

k"""''"'". ™ ' o U,o hab Vhi. i.l...os [hat the fault brocda .o,.« in the quart^tc 

'' 'ItT mt 'n n s 0,a, have b.eco.ate.l this br.ttlc voelc wbb slight d.pl.cement of 

Z ^' a Lo r n 1.0 iu,lgo,l f,-o>n the evidence obtaine<l, the n.am diBplacemont ha. 



-3uppo&=d outlincof or jjinai before erc&ic:> 
\ 




Finm!^: >.— t !i*n«tv]lm1 gtvrMpniD mtmenHuK Uk k\m !ods of lUo loriaaUoii-s in part of ibc &iTi Fnuicltco BanKo norU) IS<iuow Sprinf^ IPaas. 

been cuntuKMi to Ihc jn-iticipcl fi»:lt rnther ihim distributed rtmon^' several pftrnllel faults, ns 
might be: jiuliznl fi-oni tho presence of pnrftUol f-.u: It- breccia zones in tho quHrtzito. 

Tlu' Sqimw S])riiipj ftmlt has Jroppod tVio lavtis of the sonthitrn portion of tho ningo. down 
«}:;nui.st tho limostono. Tho goiU'ral position of tliis fuiilt is unliciiloil by Ibc. low S(punv Si>i'ings 
Pass, lis cxHct Uic^tioii, howrvor, has iiut been detcrmiued. The tbrow of this fault id not 
known hut nuist bo at least several thousand foot. 

Tim Hi>ri\ Silver and Sfpiaw Sprinjp faults form the oastorn aiid southoni boundaries of 
tlu- purt.ion of ihi; Son Fiauci&w R«ngc in which the sodinioiitniy and intrubivo rocks arc oxih>sc<1 
nn<l which \u\s i-cmninetl sevural tliousand fcvt higher >!tr;di<riaphioaUy than the area to tho 
oasl. mul s(»i:th. y^^ir^i s is a c(»nvi>nlionaliztHl rcpre,sen(ation of fho' range north of Squaw 
SpnujrsPnss. * ^ * 

Btniidi'rt Ihf nuiu faults in tho San FrauoUco Kanfio, ahoady nnMitioiw^l, there nro numerous 

cast-wost ftudls wilh c-oniparativoly slight tlu-ow, and th*'so nv*>. nsuaUy not reudWy detected 

nnjrss tlu-y huvo bwn v\\h}^^<\ by mining oportitioiLs. Sevfrnl such fiiults arc e.xposeil in the 

u>,kn,-. of ,1,,, Horn RUvor and Imlu mij.os, wheio they appear to hav*^, hfu-n formed at the 

nn.^ liu- DUx-k wu.^ upliliod, Ihc niovoment nlon« them hemg prc.bnbly in part contcmporaneoua 



srrtrcTL'RE. Yg 

witJi th.-U »l(n»jr tho Iloni Silver fmilt , This minor ojisl-wpst mnvpini'nt, jilong tho mniii noi-th- 
soutU fjuiU while movemout aloiij; tUut faull was still m pl•opro^*^ irsullod in n pronoiincod 
brccoiiitiou of tUe rock in (iio vicinity of the junction of i\\p (wo s\h1i'11is nnil thus romU'rcd 
tlie ri)ck ill tlieao positions csiiccinily fiiYornblo to the ncliou (.f mincrftlizing sohitions when 
theso found thcii- wuy alonjj the fuiill planes. 

As iilready indicnted, there hus prohably been movomont along ninny of llio minernlizcd 
fii^yui'es in the San Frnncisco liimge, but tlie niovemout hus been slij^lit, and it is rnrelv that a 
displftc-CDienl is ft.ppnrent in the heav\--bediled sediments. 

In. several other places in the region the topogriijjhic d('veloi>nient cnn best he explained 
on the supposition that there haa been recent noruinl findlui};. Sneh faults ure seen m tho 
uortU-aouth escarpment 1 mile northenst of tho Harriiigton-llickitry mine, wliicli cuts oil' tho 
iipper piirts of matiiro valleys, nnd west of Fairviow Sprm^s. in the Beaver \jako Mountains. 

lAiieral faults. — Some displacements aro duo to lateral uiovemcnt ;niftcconip:iniod by 
UTiportaiit changes in the vertical jiosition of the formations on oi)j)osito sides of tiie faidt. In 
a region of foldod or inclined strata it is not tdways rea^lily apparent whether the ])rescnt i)Osi- 
tion of the strata is duo to vertical movement previo\i3 to tho folding or tilting or to n lateral 
movement occniTinp after the strata had been folded or tilted. In tho San Fmncisco region, 
howi'vcr, the relation of the formations m certain localifios is most readily explained by sup- 
posing that they were displaced by a nearly lateral movement after tliey had as-sunied essen- 
tially theii* ])reserit position. 

The moat imi>ortant displacement of this chEiracter hn-s result^rd in forcing to the west tho 
wedge-shaped block between tho North and South Ele]>hiiub Cnimm faults. Thu< diyplace- 
menl appears to hnvo resulted from the intnision of the quurtz monzonito mass to tlio east, 
which pro^^lled space for itself by forcing the block of so.liraonls bodily before it. 15ctween 
the main east-west fa\ilts bounding this block there has bol^n nineli minor faulting and movement, 
so that the structure of the block itself is not readily deeiplu'red uad is entirely t*.o enniplex to 
represent on the scale of the accom]>anying map. 

IT^o iirtrusiou of the quarts mouzonite of the Cactus area probably resulted ai smidar 
movemonb, bub as the seduncnts both to tlie east and west of this mass are buried it is not 

Other faulis —In the Star district cspccinUy there has been movement along p!ane« havmg 
a nearly horizontal position but with in-eguhirities resembling a warped sul■fuc(^ The rocks 
nre Idgblv polished and grooved in places along the-se plane., but it was m.t demor.stratcd that 
l)»ereharl been extensive movement. Faults of this typo were obsc.'x-ed m several of the mmes 
of the Star district, but hi the present st.^ge of development ot (he nnnes llie character ana 
amount of the movement could not be determined. 

Age o/-/«u//.m5.--FHulting has pn.bubly been in progress m the a.-oa over a long period. 
I„,po1unTl^uatS h' d Houbtles; fovnLl before the intrusion of tho quart. monzouUe. and there 

FISSl'RKS. 

ovc-he„ri.g sol„tio„s. lu .l.c Star d.sU-,. '^«;™»^^'SX.n figures' cm. not bo ««i<l 
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u .- , »r flK. Jimcstono; tliLs mtiv bo aUrihutml to the stresses c.aOsed 

tiie monzotutc ^^^ ^^ coasiamable importance in the .-egion ^^bout Fri^ 

To whrtt extent, the sUicined 

been 
aa U 




c occuired 
'Z:Z i::Z^ZZ th^r h;ve a. surfaco-«ppen..ncc .f ..n... 

METASOMATIC ALTERATION OF THE ROCKS BY HOT SOLUTTONS. 
CONDITIONS AND CHASACTER OF THE CHANGES. 

Change th.t occur in rocks, principally ns „ result of the replacemo.it of a whole or part 
of the elements eomposinf,' them by othe.-s md thus very <;reatly modifymg their cbaractei, 
mrtv take -jlftce under verv rJifferent conditions, find tiliey have done so m the Sun 1' raucisco 



rejfion if the temperature is verv high where the alter^Uion is tnking plaee the substances 
entPrinK tiie rock will be in the Corm of gRsea rather than in liquid solutions and the prooca 
is tlien known as pneumatolytic alteration. Such conditions are believed to have prevailed 



ill Lhis re^on when the contact zone.s were formed nn<i doubtless in the earher part, of tne 
alteration of the quartz monzonite. 

Where the temperature is lower the alteration is pitKlueed by hesited watery sohitions 
instead of goaes uud is known us hy<lio thermal altorntion. This condition is present olong 
fissures iit some distance fi-om the intrusive Ixjdies. It is obvaoua :hnt there can be no shorp 
line between these two types of aUeration. for gaseous solutions may grachinlly meri^ into 
liquid solutions and the clTocts of the two will show a similar n^i-adation. A\roreover, it is to be 
expect«<l that ehanginj; conditions will cause a superposition of one of these types of aUoratioQ 
upon the other. 

A third type of idferation is that pn)duce(l by watery solutions at ordinary temperatures. 
Tlus is the alterfttion chat is eveiywhere takinj^ place at the surface and is commonly Unow'-n fls 
weathering. It is, of course, superimposed on all other types of alt-eration. As a general geologic 
process it is the most important type, and it is also of <];reat imporf.auce in its cfl'ect upon ore 
bodies. The effect of weathering on the rocks of the San Francisco region hivs not been the 
subjett of special study, but its eftect on the ore is discussed in considoriible <lotail on page 137, 

The ulteratinn of the dLftercnt types of rock will be taken np separately below. 

ALTERATION OF QUARTZ MONZONITE. 

In general, the quartz monzonite has suffered very slight alteration. Except alonj^ fissures, 
the rock ia hard and compact, onri the feklspar and ferroniagnesian niinerala show bright cleavage 
faces. Along zones of h-acture, however, there has been a marked alteration Ln the rock. Duiing 
this pixH'-css the rock is blciu-hed tt> a varying degree, the most highly altered rock oa exposed 
at the surface being nearly white where free from iron stains. In the less-altered rock the 
dark sihcates can still he rocogni/.ed, but the bright luster has gone and the feldspars have a 
dill chalklike appenrenco. The highly altered and somewhat weathered ruck is nearly white, 
of dull chalky appeuranc* and fi_ue gi-auular structure, imd some of it rather closely resembles 
altered hmestone, for which it has sometimes been mistaken. This phase is well shown near 
the (.actus and O K mmes but U even better sho\vii hi the le.ss extensive zones whoro sulphides 
nave been but sparingly deposited. ,uul coiLseqnently the exposures are comparatively free from 
uon ytams. buch zones are of ooimnon occurrence in the mon^ionitc north and uorth^^'est of 
me i-nsco Contact mine «ud ulso near the summit of the range just noftli of the craU from' 
11.LO to the Cactus mme and at maiiy other localities in the monzouite masses. (Soe Pl. Y ) 
dteratimrif l! 'f\ '-'f ^'T ''''^'''^'^ midergi-ound free from the influence of surface 

ollue' ' P^l'^S^-een.sli oolor and has a sUky luster due to the presence of fine crvstaLs 
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A. QUARTZ MONZONITE OF CACTUS AREA. 
Cros-aed nicols. Enlarj^ad 30 diameters. 




J'. ALTERED QUARTZ MONZONlTE OF CACTUS ^or, 
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as fofc""""'" *^"'"'"^^''''" ''' '^ --' ^^-» ^»- '^l<--tion of tl.e .uinoruU has b.ea essentiullv 
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igli rciuu-.Unu anu <Umh\e refn.cl.on, wJuci> is be!iev.tl to ho mtile. -WIhto more hi.^.Iv -.Iferoa 
these ciouiU-.l areas are couipos.-.i of minute vrysU^\s uf n.tik^ Aether tiio titnniani in the 
mica resulted directly ,n lh.> formation of nitile on the nitcnuion of the niie;, or n.sye.l 'hron-li 
iui iniermea.ate sla-e. no.^sil)ly tit.nite, Iiks not been posltivelv detcnnhiea. The homhl^nde 
IKKsses to c.hbnte and carl>onate. In rock showin- ilie advanciHi st.t^'e c.f alteration it is usnallv 
nnpos?lbi^> to tell from whieh of the dark minerals t,he alteration products have iTsidted and 
m much of the hishiy altered rock the areas or<-upie<l by the dark silicates can ao( hv renofmizcd, 
as sericite has entered these areas as well as feldspar and quartz. In the mo:^i aUored rock 
the magne-siiim is present as seqientuie seattercil in small (ihrous nnisses thronjrh the miner ds. 
The feld^pais .show alteration nearly ns soon as the duvk siHcatiis. Tlio lime-sodn feld- 
spai^ alter more readily than (he ortln.elase. The latter iy slightly clondcd hy some extrenudy 
fine secondary mineral even before the phigioelase shows nuirkeil allemtion. but aside froni 
Ibis appears to be much more stable tiian the phigiiichtsc. .Uteralion in the feldspai-?: betrins 
by the repbieement of the mineral aloni^ cleavofre cracks by Jlalveif of aericite (muscovite) aud 
this spreads till the whole crystid is changed tn u felted muss of serieite. Cideite niav ho [>re>;ent 
in the fiist stages of alteration in the feldspar crystals, bul in the advanced stages of. -^erieitization 
it has not been notevl. 

Qmii't?: is one of the latest minerals to be affected. Where alienition has been profound 
foils of sericitc develoji in the quartz crystals alonj; crau-ks, and in the most hii^liiy altered roi^k 
tlie quiirtz crystals have been broken up, (he space bein*,- filled with grunulur quartz and serieite. 
Usually, however, the quartz ciystais retain the form and o\itline they have hi the uiudtered 
roek. (See PI. VI.) A few of these apjnirently orin;inal ciy.^^lals contidn the eleavarje line and 
shreds of biolito, indicating that qnart/. luis replaced that nrmenil. 

Of the accessory minerals, magnetite is usually among the ftist to be altered, probably in 
part at least forming the sulphides and m the Cactus vein possibly in part forndng (carbonate 
and secrmdary magnetite and hematite. Titanite is much more rcsistont ami remnants of 
titauite crystals are present hi some of the highly altered rock. In every oe^nrrenee observed 
rutile is tlie final alteration product of titanite. Crystals of riitile are always present in the 
titanite where the alteration of the rock has been pronouneeil. Apatite is present in all stages 
of alteration of the rock ani! apparently bus suffered little change. In the altered rock adjoiiung 
the Cactus vein siderite is rather abundant, but in the O K and other alteration zones it wiis not 
noted iji the highly altered rock, though carbonate, largely calcite, formed in the earlier stages 
of alteration, ^fagnetite also appears to be vnrinble in its occurrence. In the Ciu^tus zone 
it is present hi considerable amount, tti)parently lomied after the alteration of the magnetite 
of the original roek and as a iide closely associated with carbonate. Its usual mode nf 
occurrence is in small grains, ajjpavently resulting fnmi the alteration of lath-shaped crystals. 
Some of these laths are still in part composed of a reddish minend. <toubtles,s hematite, and 
apparentlv the original mineral deposited was hematite. In the O K zone neither uiajinetiti- 
nor hematite was recognized in the highly altered rock. Ii» tlie Cactus Zi)i\e toui-m.dine is 
present in some of the altered wall roek, though it has usually formcl in open spares rather 
than in the rock. A very few microscopic crystals of touiinaline were also noted in specimens 
from the O K mine. Sulphi<les of iron aud cupper am pre-«ait in varying amounts. Molyb- 
denite is present in the K zone, and a few microscopic crystals wwe noteil in specimens from 
the Cuetus mine. y. 



% 



76 



OEOLOCV AND OEE DEPOSITS OF IHE SAN FSA-NCI3C0 BEOION, UIAH. 

1 o „<, ,,hout due norlh of ilie tVti.s mine, there is :. slight .ilteratioa along 
In u lew plac s, ... "^«"^; ;; limestone con(..ct. The n.iner.ils that iuvve formed 

joints in the ^^^^^^^"'^^n.sionit. .....I epidote, with so.ne colorless amphibole ,.nd 

"'''"?,'^tV Tite Chid." ..re pre.e,.t in «mall amounts. The minerals are simila.' -.o 
eons.der.ibie Mlutc^^^^^ „, ihe co„l.ut of limestone and mon/onite and the miiierali/.at.on .a 

doubth'l3'hi(h.enced by the p,-oximity of the limestone. 



tho 



1 *i o Jnniu'.m-p.l hv the proximitv of ihe linieritoruv . 

Th: fol v" ' 'hemic,.l'an.,lyses show the eonM-osi.ion of the fresh and altered rock.n 
Ca«turand O K .ones, with analyses of similar roeks from two other dustnets tor eompartson . 
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1. iTMihijunJii rnpnK.rjiJ' from ronin liiniK-l.C^if lira mini', Q<i>rK"^!"ilsi'f,*niJyst. 

2. Krwhqiiiir'HUiiUKjnlU: from v.TlkuI'ih.ifl. O K minu. R.l'. Welti, ttoiilvst, 

S. Ifnxh nuitioiil u from BTlU-b 'iiniU'l, Lasl Cliimiw mine-. UinEJiuju, OUJ-. E, T. .Mlin, iinjilyKl. liDiUtvplI, J. M., Irof. Tnpir U. S. 
Ocol. Wivrvay No, H.«, Itfii, p. ITK 

4. ^^tv.il) lUnnKJiilia pirphvry trom Rvcndij ml]>ii, Cllflon-Morvnri dUtLTlcL, Aj-Uoim. VT. f. HUtotirund, oniil>'»'.. I.ind|CTi'n, Wttliletnur, [Yof. 
I'up'-r LI. B. till'!. Siir.cy \o. O. Iv«i^, p. W^i 

In. AlSi^r'.'ili]inifiAnioriEotiJ'-i 2 (i> 1 Intlw.'i rroin U'urjnnl 111 B-pj-rii'.M:.hii]«i_pvri to vein, st'conil Invi-I, Cufliis mki(?, R. C. Wi-H^, niutyiil 

.at. AlHux'd qiMirU. rHonionlUi frdinwvjUi Willi o(Mlupii, an.Miwt luvi-i, i|i kiuuji!, K. C. Wt'Ib, aiialy:.!. 

an. AUcn-d iiior.xtinlro (eoid liKlUh LUkil-J, Uui C'bai.ca nun», UinKhAm, Xll.-ih. E. T. -MI.ti, irmlya!. Boutwdl, J. U..J«. cl*. 

fc», AlUretl moci»nUo porphyry rrom Kynnoa mJM, i.':inan*Mamiic) flblrici, Arlzotui. W. F, Ullk'l-rand, analval. l-indRreii, Wnltlumoi, 
KX'. cK. 

For 111! aw.umtB compuriso:i of Oio clieraicnl cliungos thai have, ot'cm-red iji tlio nlterfttioa 
of (.lie rock, it is noce^jsan' to rccalculnto tlio. anutyses so as to show the additions iind subcrnc- 
tioiis tliftt hnve taken placo from u given volume of vock. ^o evidence was observed in tlie 
field to intlieiito tlmt there iiud been u ranrked ehungo in the volume of the rock tluo to alteni- 
(ioii, and in llie ft)Uo\viiig caliMilotions it is ussumed that the volume renmined constant. In tlie 
suljjoinwl tiible ia shown the weight of each of the jn-inoipnl itxiiics in gfams in a cubic centimeter 
t>f tlio fresh iiiul ultere«i rock. 



^'tiglti 0/ the ],rincijial orWtj m/rijtA ajul altered moit^niU. 
t(lmn» bi I oubio orniliuotM-.] 
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Tliis tiiblesliows tlint silira (Si(X) detiroasetl, thougli thedocroaso is not ratirUed, Aluminn 
(Al.Oj) shows little change; in ).ho Cactus deposit it has bcon ^.lightly incronsed, in the O K 
deposit slightly decreased. These ejionges, however, iire not greiiter than might bo found itx two 
samples fi-oin the sunie rock mass, oiid it seenia likely thac there ims been little change in the 
cojiter.t of nbjniiJia. In the tdtvu-al-ion of the Cactus zone the oxides of iron have remained 
iiei^riy constant, bnt in the O K zone tliere hiia been removal of ii-on. Magnesia (MgO) has been 
reduceti in both zones nnd there ia no doubt that tlic ulteration hrts i-esnlt;od in its removal. 
Both lime (CaO) and soda (Na^O) liove been almost eompletely removed, but potash CK,0), 
especially in the Cactus xone, shows a marked increase as does also combined water. Titajiium 
oxide (TiO,) remains nearly constant. In the Cactus zojie there has been n marked nddition of 
carbon dioxide (COj) but tliis hiis not been added in the K zone. Sulphut- and copper have 
been added in both zones. The samples seleet«d for analysis contained little sulpliide aud in 
tliis respect do not represent the averoge of the altered rock. 

Tlie chemical cKange shown by the aiial^'ses is similar to that occurruig in other dwtricts 
where siinilai- minernlization has taken phice, as shown by the analyses of fi-esh and altered rock 
from the Clifton-Morenci and Bingliam distiicts in the table on page 76. 

In <'eneral, the alteration of the monzonite ni the different districts has been very similar 
thougli there are some diffoi-ences, notably the absence of carbon dioxide in the Cliflon-Moreuci 
district antl its presence at Bmgham. In the San Frajicisco region carbon dioxide is present in 
the Cactus zone but ilocs not occur in the O K deposit. 

The follow-ing table shows the mineral changes that have taken [jIuc^ in tlie alteration of 

e IOC Cb . ^j.^^gi coniposit^^7i of/rish a»d utUruI uu»,z»>niU.. caUitULUd from chcnncal aitalys^s. 
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VOTP -Th. numb,™ .. Ih. W. 0. U>. colu,„«» »™po«<. >» *- .."l'" ''» W, r*.^l".- "^I« 

• .vs e..t.d in th. discus.™ of t.. '^^^^;^;j!:^x:::^Tz::r:z 

.minerals h..c been altered No f «''«'-f.J^t'L "^ t he pot.u.sium in the altered 
though the calculation of the --;l^l''X^J^-^Z2 L ^i^L.rno '^ po^My ^n.. .( 
l-nck of the Cactus zone us present as the oitho.- . so mmoo ^^^ ^^^^ 

Z soda in the altered roek of the OK zone, f *™gh » , ^^'^ ;, J t^. than that indicated, 
p ragoni.c molecule !>■. the sericUe and 'h<Y«-™ f^^ h^h n^k^f the Cactus .one, but it is 
Lgnctite is mo.0 abundant ^, he uUcj-ed ^"^^^^^^^ ,,,„ ,,,,rfy altered, and n.tile 
not present in the altered rock ol the U \^^ . „f ,,,,„ fen-oraagHCSian mmemls tha 

rnTwn=:l ir— t'"r:Uorit^ldXo.^U„e, aud car— s heeor^e ahundaut 

iS^ts:^:Jt^rhrh:^--r::ck !:. the .... of the. .mtion. ... 



7g GEOLOGY AXD OHE DEPOSITS OF THE SAX FBAXCI3C0 HEUIOS, UTAH. 

1 ■ I Kv f>,pm U vloes iMit- follow Ihitt bccuuse tiic- solutions luive reiWO'ed 

neo^-^irtnly i-flniecl m ";^" ' ^^^^ contnincd in llic soliiliuns before they acted 

Ir t a^bo u ferred that tho solutions contained potash, sulphur, and copi>er, «nd .Q the 
C^-t s V b. l"iron and carbon di.x.do. It i. probable thnt tbo tw.. hUt.r cons,,itncnt.^'m 
n,rJi"it in the solutions Ihat produced iho alt.,ratu.n in other zone, hut not m .ulhcient.qu.mti- 
i,.» u. be added to tlio rock undor the c^)ndil.i(iiis that prevailed wlicn the alteration took place. 
;\Jthout;h silica has not hoen added in notabl.^ atnonnts, it is probable that, the solutions were 
rich in wilicu, for othenvise there ^vould havo been a «listinct scdution and subtraction of ii-. 

Lmd}?i-en reacbns Hip foUowiu-i; coiu;luaioii conMirniiig the naturo of t}ie solution tliat 
produdHl the change at .Morenei: "The whole e<uirse of tlie altera f.ion indicates \vatc\-s distinctly 
deficient in alkaline ca.rbonatfS, but probably rich in iron and silica." Boutwell states for the 
Bin^-hain <Jistrict. that "it would ii!)pear timt the idtoratioii was produced by heated srdutiona 

ncn in , . AXTEB-ATIOK OP LAVAS. 

TIio lavas have suffered extensive alteration by heated solutions in several nrens. The 
alteration id eapecitdly i)ronounccd in the- lavas neftr the base of tho San Francisco Kange, 
libont Frinco, und in the lavii mjias forming the centnd part of the Beaver Lake Mountains, 
u.iid also in the central portion of the lava mass ii\ the southwestern portion of tho San Fmn- 
ciaco Kauge. Xn the Frisco region the belt showing the most altenitiou extends from a point 
near thft Horn Silver mine northward along the base of the range to the Beaver Carbonftte 
mine, and tho volcjintc- rocks are higldy altered for a ct^usidcrable distance farther northwest. 
In the Beaver I>ake district tlio hivas ftre most altered in the ridgo west of the, southern quartz 
monzoiiito muss and in the cfiiitral volcanic maaa north of the O K mine. There \\as been 
considerable alteration, however, of all the lavas of this district. 

These i-ocUs, after suffering hydrothermnl metamorpbism. have had fheii- character still 
hirtber changed through the openition of the ordiiiaiy weathering agents. There has been 
no extensive \»rnspecting in these areas to expose the vulcanic rocks below the zone of surface 
alteration and it is therefore impossible lo detcrmuie exactly tho changes that took piaco under 
hydrothormal conditions iis distinguished from tho surface alteration. It is possihlo, however, 
from the material available to get a general idea of the changes in tho rock resulting from tho 
effects of heated solutions. 



Tno altered loeks have a Ught-coh>red, bleacliod appearance, being neurlv white in many 
places where they are not stnuied by seeondaiy iion compounds. Ordinarily lliey are iiifher 
aoft though iTi some loc^vhties where silicincation has been pronounced tho »dt.ered roclcs are 
hard and resist ant^and stand above the general surf.u:e, as is well illustrated in tho loioba and 
ridges lu the ban Franeisco district. (See PI. VII.) 

thJ.:'fl ^t'« microscope the i-oeks are s,^e"n to* have undergouo cKnng.s normal to hydro- 
Ltnn , f T: ■ " f'^^^-"'!»^H:nosiau minerals in much of tho roek had nndeiHgono mugLtio 
ui,d HO InT tL' 1"*"'^' ^^T" "'^^^ """^ '^'"""^^^^ *'f ^-^^^« "^"^-^«>« ai-o present hi tho 
T^t ZT Tl ^'*'*'^ "^^'^^ ^ '^'' fon-umagnesian mii^eral mast ofU^u ieon, i. al en^d 
t ZelZlJ^fZ ""; "^^r^'y -^-'^ -n^^^ntine, though the magneshlm appears 

mad ^^rorcnvr I !^ T"^ '" "*'"■ '^^ "'^" ""''■ ^"^ ^'^^^^' "^^<^^^^^ "' ^^'^^ Prices, 
deposit TX^^^^ speculante are not present it bus apparently been removed and probS 

along ^^:t:^Z^^Z::X^^^ , T'^ foMspa. hi.t shi.w scricit.^ioI 
aericite and m.artz en'sUls VT, ""^ ^^ ^^'^^^^ ''y^^^^ '^ converted into n foltlike mass of 
zution. * '^"''^"- ^**" t?^"»nd.nas.s of tlie fine-grained roeks also sufloi^ sed'iti- 

surf Jl:':;::!:::;^;^^^'^^^ »^-t has su^i co..p...u.eiy .i^^ 

pyHte and hematite. HemS Lms 1' « "^ and quartz, together ^valh considerable 

lemautc forms m spams and is also disseminated tlu-ough the ^ock. 
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-t. INDIAN GRAVE PEAK. 
Siiicified "reef," near view. 




Ti. SILICIFIED "REEF" SOUTH OF CARBONATE MINE. 
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Gyps.lm i^ present, fnrnuny snu.ll Uro-dnr miLVOScxjpic boak-s i,i tbo rock uu.l dso occurrmK 

A part of the rock in the volntnif ridK.-s west and iM.rlh of thf^ K jninc. lu.s suirere-l unus- 
mly .se^■ore aheration. In tlie field it is ilifficuU- to detemiine whether the rocks uro hi-Wv 
ntU^iea qn.-utzose sediments or altered volc«uic roi-ks. Their ^Tadiition into rock that nm he 
deti.ntdy recoj^nnzed ,is voleanic, lunvcver, mdiciites that they nrc idl of thLs ori^'in iT-der 
the microscope, v.s m the. field, ihe iiHwi hi-hly ;.Iterea rocks Imveqniie a:, nr.uli the^^uppearance 
of alforcd acdniionts as of volcunic vi.cks, beiug composed principally of irrej^'ular -raiii^s of qu:,rtz 
and foils of nmscovite together with a xnineriil in small, irreinilar grains. This mineral Jms a 
mean index of abor.t 1.64, double refraction a little above quartz, optical chanicter nej^ative, 
with iurye axial angle and extinction parallel to a a;ood cleavage. Some crystals sho\\^ slight 
pliHicluxiisni. The luiiieral concspoiuls in optical properties closely with andalusite, though 
the ]>leocLroisin is less marked than is usuui in that nimond. The qunrta f,M'Jii"iJ coutahi numetoua 
small globular masses with rather high index that uppear to be the surae mineral. These were 
included in the quartz during crystallizution, and as sucii inclusions do not occur in the q\iartx 
g:-ains of the fresh rock they indicate that the qum-lz has resulted from ciystalllzution during the 
r.ietiiraorjjhism. In some scctioiis there are small areas of a brownish jninerul having uiotlerate 
refraction and ^►w double rofriiction, ]>robably kaolinite. Carbomitfl is usually present in 
small but varying a.mounts. 

Some sections contain irregular crystals of u mineral wit'n ratherMrong refractiim ;»iul high 
douhlo refnictiou. This mineral htw not been positively identified but in the optical pi-operties 
determined corresponds with diaspore, A mineral resembling magnetite under the uiicroscupe 
but rather fecbl}' magnetic as tested in the rock powder is present in much of the altered rock. 
In a specimen where the magnetic mineral is not abundant there nro numerous small crystals 
will; high refraction and double refraction. These uro probably nitile, resulting fnan tjic altera- 
tion of ilmeuite. Apatite is rather abundant and a mineral with low index and apparently 
isotropic is present in small amoinit. This is probably Ihioritc. 

A specimen {Xo. 2 in the. following table of analyses) that still retains the slnictnre <»f the lava 
so that iL can be definitely recognized in the field as having altered from (hat rock is composed 
largely of quartz antl sericito, with a few crystals determined as andidusite and nnn\erou3 areas 
of small cr3'stals having moderate relief and low birefringence, probably tlie, same mineral, also a 
brownish fibrous mineral with low double refraction that is jirobably kHolinite. This rock 
iip])ear8 to linve jnst reached the stage wlicre andahisito is beginning to fonii and stands between 
thg unrdtered htva nnd the higldy altered aodahisitc rock. 

The loliowmg table shows the chemiail compositicm of the fresh and altered rock. It 
was not fojnd jxissible to trace flows from the unaltered into the highly altered zone, and it 
is not certain or even likely that the specimens were originally of exactly the same composition. 
M the htViis of the district, however, have a general similarity of composition, and it is pi-obable 
that the altered rucks had an original composition not difi'ering greatly from that of the speci- 
mens whose analyses are shown in the table. 

Purdal nnatysit ojjrtth mA altered lavafrom Saa Fmturino nghn. Utah. 
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GKOLOGV AN'D OHE PEPOSITS OF TflE SAN ri^A-NCIriCO liKGlON, UTAH. 



The following trtblc slunvs the aoprnximntc mineral composition of the rocks m calculated 
from the chemical annlysc. afU-r n.ic.«scopi<- stmly: 



Jtin^rtl composition o//rc^ md atUral luva/rom San Frtnu-i^o n-tjior., Utali, 
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There is some kuolinile present in Xo. U, resultiny; from the aurfuce alte-ration of tUe ro(.:k, so 
tliat tho )in(l:ilusitL' iy somowluit Iras. The amount shown above is dovibtli?ss nbout correct for 
the rock bcforo iiutrnce iilteiiiliori took phico. 

Aniilysc3 I to 3 reproseiit sucecssivo stafjos in the aUeration i>r tho volciinic roeka in the 
Bciivcv t.iikc district. The lirst two were not made primarily for showing the successirc sttt;res 
of iilteriitiim and cuusequimtly arc not as complete as would be desirable for that piiq)Ose. 

It is evident thiit in the alteration which has resulted in No. 2 there has been ti decrease in 
all the oxides except silica, alumina, potnsh, and water. There has been an apparent increase 
in silica and potash, at leiist, but doubtless tliis is due only to a concentration of these two 
resulting fr()ni tlie removal of the other oxides. In fact, these alst) huve probably decreased 
to some extent. Their ratio in the freshest rock is K^O : SiO, : : 1 : 19 and in the altered r^wk 
1 : 19, inclicatinj; that if there hi-s been a notable decrease it has been in about the ratio of their 
preticnce in the <»rij<inal ruck. It seems more probable that there has be^n comparatively 
little cliLii^e in these two oxides. As alumina was not detennined in Hu'. fresh rock, it is iinpo.-;- 
sible to make a conTparisoii, but it is probable that there has been little change in the actual 
amount of this oxide, thouj:;h, as in the two oxides discussed above, there may be an apparent 
increase. lroi\ and titanuuu have not been determined, but from the microscopic study it 
ftpi>enrs that in some places iron has been very lar^^sly removed, and this Ls true of ^o. 2, while 
ill other places the iron ore remains, showing little lUteration. Titanium remains in the nick 
either ns iron ore or rutile. 

h\ No. 3 all tlie oxides show a decrease except silica, alumina, titanium oxide, and water. 
Sihcn also may have derreased, thouj^di the difference is not sufficiently marked to proro that it 
IS not due to orijjhial <tiflerences in the rock. It is especially noteworthy that althuu<?li mniX- 
nesui, hine, and soila showed ii marked decrease from No. 1 to No. 2 potaah showed only a slij^ht 
deLTctise, but in No. 3 all four oxiues have been ;^reably decreaijod. Apparently under the 
conditions ihiit have produced tiiic alteration potash has been mucli more pei-siatent than the 
other oxidra except ahunir.ii and silira. 

In studying the miricr>ilo-ic changes wc find that No. I is esseiitiallv a quartz-feldspar rock, 
\vitii considerable iron ore not shown in the analyses; No. 2 is e^vsentlallv a qnartz-muscovi^e 
TocK, ^n.\ in No. 3 tho amount of museovite 1ms bccu greatly reducal and we have cssentiuUv 
h, i'r it'"' . 'f ^'""■'""''■^*' '^'^- ^'•■'^°^ ^^'^ microscopic exami.uition it appeal^ that anda- 

vo ■ k rr'l n' '" ""P*''-t""^ '^'^«""t whUe feldspar is still present in the rock. In other 

wariiL, 'i? n''' 1 "1' '^'"''^^f^^ Potash or soda in tho rock to unite witii the akmiiua that 

oL thTu 1!'^1 '• '"^"'r^' ''"r "^ '^' ^*^^''^»"^'^ ""'^ '^'' ^*^»^^^'"1 "f ^h- ^^- o-- ^^Ikftli to 
forma ioV fin r"""*'' T''"^"^^^'*' '^"^ ^'onibination has been effected rather than the 
iTi r^u^ ".^ '"""\" ?''^ '" '^^' ^'''^'' ^' ^"^'l^^P-' ^-- '^" '^^- potash and .oda 

leavounTxc r,n' ' '^T' ''^^^""'^ "^ '^'''^ ''^^''' *^'"^'^"»'^ remaming constant, must 
^xu.. of .duunna winch must form citlier a mineral composed of ahmxina, a hydrut! of 
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rtDrtfliu^to .m<l in some pkcc^.; ixobnbly ^\u^ hydrous ..lumim.m ..xi.lo .liasporc 

Tl T^^ nmounts nor.es^u.y to form mici. Xo M.lsp.ir conld be found in (h. r(,ck 

hoii^h IW wore a few crystals of nmlulusite, imiicatmf,. tluU. the .h.^-r af altr.ution of foldspnr 
to mu.i h:»s just passed and tho alteration of mien to nndalnsite begun. In Xn. ;i n considorablo 
pail ot the nnca hns been altorod to an.lnlusUc. with romoval of tho, potash. Were this to 
rx>nt»mic, the rock would bo reduced to essentially qnurty, find andnlusUe. 

DIPPERENCES IN THE CHARACTER OF ALTERATION IN THE LAVAS AND 

aUARTZ M0N20KITE. 

Tlvoufjh Ihr niineialogic clmngva hnvo been in pmt similar, it is evident tliiit ti>e alteraliou 
which has afl'ectti! the Uv«s is markedly diilcrent hi chiirnctor from that which hiis affeetA'd 
the qviartx nionzonito. In the rtltcrution of the mons'.onite. thuie wiis a marUod addition of 
potash and leM uotablo additions in otiie.r elements. In all stu^r^s of tho alteiation tlio alkalies 
wei-o prcwent in suirtciont amounts to unite with uhimina to form inica. Tho sulutinns afToetiti^' 
the monzonitc were evidently rich in potash and carriGd other oxides, aa silica, carbon dioxiile, 
and niotallic elements. The solutions that affectoii tho lava^, on the other iumd, probably 
jultlcd little to tho rocks, the change being a pro<);rossivo siibtractiou of certain of tho con- 
stituents and a roni'rHnjioniont of those roraniniufr. The dhforeiiee in idteratlon tliereforo 
appears to be due primarily to the diile.renc(\ in character of tho sohitious that^ i>rodnced it. 

Thei r.rttnro of the solutions that rtsiilted in tho aUeration of the lavas may h*^ inferred to 

Such 



that occurs in weatiiciTiif; is \'(uy siimilar to that which Inis taken i>ltice in tlio uUoration of tho 
hivua, aa is whown by the following nnnlyses of fresh inul altered rock: 

Aiialyxedof/reiJi it)"I flt&impoicd ss/€*iUi/raai A.'knjuiax}' 
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It is cnddont that in weathering Ume and soda are more rendiiy remove*! t.hiin potash, 
OspeciftUv until tho aniovint. of the^e. oxides present hi the rock is t'r^-utly reduced. Iron oxides, 
alumiua; and silica arc not greatly reduced, although iion ami sUica show co..s.derabIe rcduc^aon 
in tho Idghlv altered material Tlhs chanffo is similar to that noted m 'lu- lavas^ except that 
potash has ^hown k.. reduction rt^latirc to socht and lime in early stages of the hydmthermal 
alteratioiH thun in tlio ordinaiy \vciuheim«r. ..,.«, K„.;n„ 

Minernlo^icailv there is a nmrkec! dideronoe in the two t>nu. o alteration In gathering 
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go GEOLOGY A^'D ORb ^ 

. to form niicrt. thi^ cncoss has formed Miu jinliVclrous uluraiaoua 
to unite with the alkulics presci , ^^^^ aliimmu has formed tho "hvdrous nlnmiuum o:tide 

silicaU- andalusile, and iocully ^*>' ' 

dinsporo. chau-'e. accompiinied by the formtifion of dil^'^i'ent niiuorals, 
The similftnty ui cliemica j^ ■ (.^^nt.i.Jlv t1i.. >iflnu- a^rciits actbrr undpr 




thnt the 'ilt^-niUon ook plac^ ^^^^ ^^^.^^^ ^ ^^^^^^.^_ ^^^^^ ^^^^^^^ described as occi.rriu- only where 
prcssiire .^*^»'"r'7' '. . ,u.,e was high heat and pressure, namely, (a) m po^fttilo veins in 
the <-^"^^^•-;^f ; ;^; :V.u J in 1.. <>i ro,nonal m.t.moi-phi.n;. Tho conditions h. the 
Ta^ lX Ti ^ rnottdL^ thnt tho bn.s were deeply buned, and it scerns probabl. 
uXb^b pressure is not c...ntial to the fornmtion of nnd«lusite. There can be lUtlo doubt, 
howevrr that the solutions whicli pro<!nc..d the change wore of rclatiN'oly high temperature. 
It seems' probable, therefore, that tho alteration could have been ac^-omplished by watci-s con- 
tamLn" carbon <lioxide. Such watci^ may have been derived in part from the ciystaUiaing 
quartz monzoiute and in part from meteoric watei-s thnt found thei)- way into the heated zone. 
Waters from both these sources may very likely have been active. 

Cross* has described the alteration of rhyolito at Mount Robmson, Colo., to a rock com- 
posed e&sentiallv of quartz and diaspore. Tliis lUteration seems Ui be similar to that of tht; 
Beavei' Lake Mountflina except that the hydrous oxido of aluminum, diuspore, is formed instead 
of the ttidiydrous sihcate andalusite. Closely associated with the quartz-diaspore rock of Moinit 
Robinson nre rocks composed of quarta and alunite which seem to have been formed under 
aunilar conditions. No alunlte was observed in the San Francisco region except that associated 
with tho or« Wdy <*f the Horn Silver mine. 

V ' ,• * 

ALTERATION OP THE SEDIMENTABY KOCKS. 

LOCAL VMStATlONS I.N CU.\RACTER. 

Under contact metaraorphism are considered the changes that have taken place iji the eedi- 
mentary rocks near their contact mill intrusive bodies, resuiting directly from tho intrusion. 
Tliese changes vary greatly in the different rocks. In the shale and quartaites the change is as 
a rule relatively slight, but in the limestone it may completely alter the character of the rock. 
Even m the limestones, however, i-herc is grejit variation in the tinaount of nlteratioii at differeut 
points fllong the contact. 

Wherever the limestone is in contact with the mam masses of the intrusive bodies it has been 
more or less altered, but the alteration vaxies greatly m character and intensity. The variation 
in character is dependent principally on the eoniposition of the limestone and possibly also in 
part on the composition of the soIution.s producing the alteration. Tho variation m the intensity 
of nlteration from place to place appears to be dependent on physical causes that have contjoiled 
the flow of the solutions wliieh produced the chan'^es. u- 

f i ■ METAMOHPHISM IN THE SEVKRM- mSTHrCTS. 

SAX FRANCISCa D13TMCT. 

Contact alteration has occurred In the Son Francisco district in tlie sediments at or near the 
contact with the quartz monzonito stock and the dikea extending oui, from it and along fissures 
ni the hmestone at considerable distances from the contact . The most extensive area of iiighly 
altered rock is along the southern border of the quartz monzonit« stock of the Cactus area, 
^ rtwTnT" H • " '"^ ' '"'^ "'^^ ''''^ ^^ ^'^« I^^P*^""^ ^^«- ^«^t^ '-^^^ ^nd .vest of this 

^m:::^::::^.:^::::.^:^ ^- p~.-^- -^^^^ ^^i'^^^ ?i ^-^^ -- ^^ ^^teration i^ 

^uuty 

rgely 

^ _ _,. ^^. _; and 

'Ct*m, WhllmuB, flealiwi- of SjlvtT Cliff anri il,-^ "~ ' — -^ ^^ 

ii.Tt iir and Iho n<^iu, H.lb. Cola: 8cvfi,^Ui An«- "■^l*. V. », liM. Furv.y. pt. j, ,^-,«, pp. zsMOf. 
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PROFESSIONAL PAPER BO PuATE 




A. O K MINE, BEAVER LAKE DISTRICT. 




R CONTACT-ALTERED LIMESTONE, LOESER GULCH, 
GarnetizL-d i;inL-slone showin/r orif^inal ba.tdinp;. 



-7. 



PROFESSIONAL PAPER to PLAtE 1^ 



,.S.fiEOLOGlCAL SURVEY 





A. TREMOLITE, WASHINGTON MINE. NATURAL SUE. ^,at,-dai ci-7^ 

B. GARNETIZED LIMESTONE. LOEBER GULCH, SHOWING ORIGINAL BANDING. NATURAL bl^E. 

C. BANDED LIMESTONE, LOEBER GULCH, NATURAL S.ZE. 

METAMORPHtC PRODUCTS. 
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.metasomatk: alter.vtio.x of tuk hock, bv nor solutiox^.. 
has boen vocvy^tn\\iy,-<\ for a ron«i,ior.l,ly ^renter .listmi.r. 
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\^aeioas of her beds so far as can be judged from gcimrnl appc.iranco, <-ontni.i but little inmnio- 
simii. A distinct diMerence in the miuoruls formed in the hi^^hly ,dt*red zone is boli<n-od to 
correspond to the (Unerenoo in composition of tlio Irmt^sfono bed.. En.st of tlm Tmperiul mine 
m the beds imderlym- the quurtzite. yellowish-brown to roddisli-hrown -nrnet is (he must ,ihun- 
diint mmenil. In the 6eld the rock nppoars (o bo composed idmost oiitirely of mHssivo gurnet. 
l-nder tlie microscope, however, it is seen to conf.iin imtwrlani remounts of other silicidoa. West 
of the Imperinl mine, on the lower slopes of Locber Gulch, mmii of the rock is composed hu-rcly 
of fibrous tremolite. This rock on weatlierhij; scides o^ pinallel t<. the surf.u-e .md produces'^the 
rounded, smooth slope.-? charaetrristic of the west slojie of Loeber Gulch. In this urea, as in that 
to the east, other silicates arc present in considerable nniour.Is and individual beds are c(tm- 
l>osed largely of garnet witJi relatively little tremoUte. In many places in T^wl)er Gnleh Mic 
muieruls formed in different beds of limestone difler so niucli that the oriyiiud bedding can still 
be seen bi the )iighly altei-ed rocks. Such ijistances are seen iu the gulch between the Imperial 
mid Wiishiiij^'ton mines, where the photof^^aphs reproduced in Plate VIII, B. and IX. J5 and 0, 
were taken in the valley near the Cupric mine, and in miniy otl\er localitit^s. 

The f(»lIow'ijig minerals have been recognized bi this contact ztuie: Gurnet (the gi-ossuhirilo 
and undradite molecules beijig present in viir^TUg amount^s), diopsidc, tremolite, vesu^-ianite, 
muscovite, opidote, chlorite, fluorit^. quartz, ealcite. dolomite, miigncsite in small veirus, spccu- 
larjtc, magnetite, pyrite, chalcopyrite, molybdenite, and pyrolusite, with sphnleritc and galena 
at some distance from the contact and in many pluc'es nssocinted with fissures in the limestone. 

The different minerals, a.s already stated, occur in viiryiug amoimts at difl'erent points. 
Garnet is abnndiint wherever the alteration is profound, especially along the contact oast of (lie 
Imperial mine. Tremolite is especially abimdant west oi the Imperial mine and in the vicinity 
01 the Wasliington mine, but is present throughout tlic belt. Muscovite was observed m<»3t 
abundantly near the contact to the west near ^liite IMountaln and in the workings of the Cupric 
mine. Tlie sencitic form of musco^dfco is present in variable uinounts in other, parts of the zone. 
Diojiside is present in considenible amounts throughout the district; especially well developed 
crystals occur associated with muscovite in the western part of the zone. Epidote is not an 
important mineral in tliis zone but occurs in small amounts in many places. Wollastonife was 
not determined and is not an imfx>rtant constituent in tliis belt, but it is not readily distinguished 
from treinoiito except on careful examination, and some may be present, though in the specimens 
examined it was not found. Chlorite is present in small amounts but nowhere foirw an impor- 
tant t^Jart of the rock over a large area. Kluoritc was identified from thoAVashington mine and 
is doubtless ]>rcsent in other parts of the belt. Quartz, calcitc, and dolomite occur in all parts 
of the belt. Mftgnesit* (wcm-s in small veins cutting the limestone of White Mountain. Spccn- 
luritc. magnetite, p:iTite, and chalcopyrite are present throughout the zone in sninll amounts. 
Galena and sphalerite are of common occurrence at some distance from the contact, asso'iated 
with contact silicates and usually near fi.ssures in tlic limestone. Both occur in tiuK manner m 
the Washmgton and Peacock mines, and galena is present in the King Vnvk] mine. M..]ybilemto 
was recognized at only one locality near the Imperial mine, where it oceure as small flakes 
alofig H fissure in garnet rock. 
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.- .^'^^ n t, , ■ riErOSITS OF TUE f>AX PKAXCISCO KEGIOK, UT.\S. 
g^ OEOLO'J\ AND ORL V'-'^ 

1 ^1 ■■.„r..lo <.; thp contact zoiips appear to huve formed at essentially tho stiine 

'^"'''Tl ttr X OS no ..llic 'ni"<"-"l'^ '""••' '"""o^l l"lor H.>n tho silic.to.s „s well „s 

time, thougl. L.i ^;>"^ Jf"; 7' Ti^, i, .specially sh„wu at the Impcri,.! mine, wlicre the 

conU^t-onuicous y viiW u 0^^^ ^^ ^^_^^ ^^^^ ^.^^^^.^^ ,^^^^^ l^^_^^_ ^,|l_^^ by sulphides of iron and 

^::::^o^r!!;i:^::^^ ^ r.,... xxxin .. (,.. us^,, ^ uns loean,. ... n.«„e,u„ 

topper nnu u ^^^^^ f^^. ^j^^ ^^^^^ ^^^^^^^ forrnod Inter ^'""1 Mio sul- 

pliides. occurring as si (hm deposit on them, and on 
casual obsn^'jititin stron<^ly r<'semblino ^■^'^'■' deposit 
of cliulcoeilo on u.rii\uiy of sulphide, as shown in 
figure 9.^ So fur as observed the metallic niinenils 
deix>.si(«d distinctly Inter than the silicates are of 
alight importance. 

Some s[)ccimen.s gafhevfMi from the Imperial 
mine at the ('ontact of the altered limestone with 

sharp line marking; 
The distan(;o front 
monxonito. to that 
atone may be less than 
1 iiieh (sec PI. X, ^1), but throusli thisdistaneo there 
is a gradation from the one to the other. In the sec- 
tions examined the change in going from tiie qunrtz 
monzonite to tho altered limestone is a decrease in 
the quartz and feldspar and a coiTesponding 
increase in the p;^To.N;ene. The pjToxene also 
changes from a nearly colorless augitc to a green 
ymvnr. o.-vaffliuto surroui'.^iiiiR cfcjU'opTriui; (.-cncniiUci diopside. In passing from the altered limestone to 

the quartz raonzonite tliere is a aecrease ni garnet, 
tin increase in din|)side, and tho appearance of feldspar as a con.stituent. Mii^netite is more 
abundant in tlie zoiio of change thiin in either the raonzonite or tho garnctizod liraestone. 

Near tho contact tho iilteved limestone is cut by vcudets (see Pi. X, B) composed of quartz, 
onl'.ocliisc, plagioelasc, u little augito, and irrogidar masses of sulpliide and magnetite. The 
mcrnllic, minerals ave later than the silicates and the magnetite later than the sulphides, in 
many i>hK-e'3 sun-ovmding them. 

The cliemical composition of slightly altered and highly altered limestone neiu- the Reei- 
proeity mine, in tlie area south of the contact, is shown in tho following table: 

Auu!t/st3 o/»lighUy aUi'nxia-nd highly alUrrd hinnif,ne Jro^n the Sav Franciim district, Utah. 

[Gta^iifi atijiiMT. mtttly^t.) 



'n:'v*^^^^^\''- ■'' J'""^*^^ the quartz monzonite show no 

p'i^-Vfv':^^^ the boundary of tliese rocks. 

) .''^^^^^''aY'' '^'■i^^t^^-^ '^^^-^^''^^ material tluit is pJainly quartz 

:^^<"^<- w'-e- 'yi^>^"\'. '-~ ' "■" Wlucii IS plamiy altered Iimeatoi 
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^1. HAND SPECIMEN. 
Dark area. f,arne.l..d lirneston.. li^ht .rca to left. quarU n.on.onito band bcl.oe.. uans,t,on zo.e. 
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B. PHOTOMICROGRAPH. 

Quartz monzonite on left, frartietiittd limestone on rifjht. Veintet crossing slide is composed of quartz, feld- 
spar, and m3gi-ictite. Ordinary light. Enlarged 30 diameters. 

CONTACT OF QUARTZ MONZONITE AND ALTERED LIMESTONE, 

IMPERIAL MINE. 



METASOMATIC ALTEHATIOJ? OF THE HOCKS BV HOT SOLUTIONS. §5 

Mineral rorr,.posUu>n of sli.jMUj nU^cf a,uH,ight>j «/W f:,n.^ne/rom ihc .^an Fra.cL^o dMi, Utah. 
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In comparmj; t!ie anab'ses ol" the Ihiieatones to determine l!io ohiiiif,'f>s fhiU. btivc tnkcn 
plnc:c in alicralion it is neceysury to consider chiingos in tlio voUnno nnd the densilv ol" l-ho rock. 
It hii9 not been shown positively w]»ct[\or the volume h»s incrensod or dccreiwe.<l us a result of 
ahcratiou, but it is believed thnt tiie chttugp. has been slijrht iind for the present compnri.sou 
the voliunrt ^vill be- eonsidoi-ed us constant. (See p. SS.) The change in density', as sliown by 
the specific gi'avity of tho rocks, has been considerublo. If the volvimc is ussunied to ]mvo becii 
coustrtnt, the amount of jtddition or siibtraclicin of the several oxides cnn be (lelerininetl bv 
Ciilculuting the amount of each jircseut in n given volume of rock. The followijig tiible shows 
the auiou!it of each ol' the principal oxides present in a cubic eentiniet-er of each of the rocks: 

Weight fi/ the prinvipal oxifttMin sUght'.y alUrvd ai\d kiijhly aller^d UmtHoJn pom lh>- San I'rmirvffv disl,-ict, Utah. 

(OnirrHin lotiblT'.'ciiiliiwiar^lnMEL] 
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In discussing the changes that have taken phice in tho alterf.tion, it nuist 'no remembered 
that the examples given above by uo menus represent the changes that have oceurred Ihniugliout 
the zone, as the}'' vary at practically all p<iints. Some of the more importaut change.-^ indicated, 
however, doubtless apply with varying intensity ti> all parts of the in>ne and re|)rcsent the 
general cbango that has taken plaeo during alteration. 

Attention may be again called to the fact that No. 1 has uiulergono recrystidlizatton and 
pn)bably the addition of silica, It is e\'idout tlnit there has been a oiarkcd addition of silica 
iu both rucks, the amoimt in the two highly altered rocks being almost identical. Alumina 
and icjnc oxide also sliow a marked increase. These oxides show conHJderable variaiion in 
tho amount added in the ditTercnt rocks, but the sum of the two is more nearly equal. Kerrous 
o.vidc is not an imporlanr. constituent in eitlier tlie unaltered or altered roe.k. Miignesia show.s 
a decr*'i3<*, but this can not be taken as representative of the zone. It Is certain that some of 
the altered berls northwest of the Washington mine contain as liigh a percentftge of magnesia 
iLs any of the unaltered limestones in the district and tlie.refore possibly represent an addition 
of tliis oxide. Such a result would be in acxiordance with observations jnade iu other districts. 
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B(mt\vrll' h>..s shown that there hu. U-on . nolable aaditma of mo-tu^in in the ronUot ultm- 
tirm of IhncstoMc in the Buv^Unm <Iistrk-t, Utah, and Rnnsame ^ fiiuls the same U. be true in the 
Bisbc.- riistrirt Vrizona. U mtiv ho noted in this corinoction that tit several p<>mts in or neiir 
the coi.tuft zuncs vehus of mu-ne^ite .ire pvosent. The m«-riesiun» carboinite ot" these vclna h«s 
piohubiy been derived from the s.irroimding iime^stones, and the mngnesiuni content may thus 
Imve Iwen I'onsideralily re.luml T.ime. on the other hand, shows a shght increase in both 
i.ukN u ron.Htion which again is not in accord with obsen-ations in other thstriota.^ It seems 
r.rnhabiM thaf. the altered rocks were orisinally slightly lower in maKnesi.i and higiier in lime 
than Uie unaltercxl; at least it would be unsafc to draw a definite conclusion from these 
examples in vi(nv i)f their (hsiLgreemcnt wjtii observations in other distrit^ls. Carbon dioxide 
is praetieally td)S6rLt from the altered nmks. Besides the oxides above mentioned, there have 
been notable additions of metallic elements, copper, zinc, lend, and iron, with ])robably small 
aiuounts of manganese and molybdenum. Some sulphur has been added and the presence of 
considerable muscovite in aon»c areas indii^ates the addition of potassium. 

To sum up, it secins very certain tliot there heve been additions of imiwrtaiit amounts of 
silica, alumina, fenous oxide, sulphur, copper, iron, and zinc, and lesser amounts of potash. 
iiiaiif:;anese, and lead. Curbon dioxide has been largely removed. 

Along the northern contact of the monzoiuta and liraosfone the additions resulting from 
alterraion have been comparatively slight, the most pronounced change being the recrystalli- 
zation of the limestone. Silicate minerals are present in small iimounts, however, and sulphides 
aie sufHciiuifly abuuduut to enci>uragc prospecting. Some ore has been taken out along this 
cnritacl, but the most impnrlnut ore Ixtdiea thus far developed in this part of thb district are 
it.s.^oc.iatcd with iissures at some distance from the contact. In several places small veins of 
fine-grained wliit* earlxmatc, largely magneaite, cut the crystalline limestone. It is very likely 
that the crystidliue limestones of this area have been somewhat changed in composition, like 
those to the south, where some of the limestones that appear to be composed of nearly pure 
w'.li;i<e 'inr.hwTiri^A 'ir.t^ ^r«ii t/h 'Dhri'oscoptc exam'mation to contain as ranch as 25 per cent of 
colorlew serpentine (see PI. XTI, A, p. 97), which htis apparently Tesultetl from the hydrati(m 
of some magnesiau silicate!. Tlie increase in voluuui due to the hydrntiun has split the iiiclosiug 
earb[>nat-e grains, and tiie serpentine has been forced into tlie Hssures. 

BEATEB LAKi: DISTBICT. 

(.'ontiict alteration is, in general, less <-onspicuous in the Beaver Lake district than m the 
S:in Francisco district, though the limestones have been vecrystallized wherever t!»cy are m cou- 
tiu-t with the monzonite. Contact minerals are present at most iromts along the contact, and 
hM-ully they I)eeome a^buiidant. Tho most pronounced alteration in the district is that in the 
vicmity of Skylark Spring and in the northeastern part of the district, near the Beaver Copper, 
Copper ilountain, and other prospects. Contact minerals are also abimdaut in the weatern part 
(1 the distrut in (ho vicinity of the Larkspur group, and sUiciiicntion has been prouoimced 
abinit titc federal gi imp. 

Tu this district as in the othoi-s, there has been great variation in the amount of contact 
mmorahzat.on at different points along the contact. This \s especially well shown along thb 
contact of the northeri; limestone body and the mouzonito. In the vicimty of the Black RoeU 
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iibrou.s iiiiiphihoio (prohahly troinoli[i>\ opidoU', mU^foviU^ nmgtictiU', ^pcrularito, pyrite. 
cliak'Opynio, pyroliisite, anrl. iit some distiuicr. troni tlio contKct, gnlemi. Mairiifttite' is mom 
nbtindiHtt in this district tluni in the San Fniin'isco "listrict, and locftUy spccurnrito occurs in 
c.iiisidenible luuount. Magnotito is especiolly abuiid:int in the properl V of tlip l^tuh Ignited 
Oi. Here it occura ioiniedintely at the contact, together with a small quantity of Imitti and 
chalccpyrite. A IV'w foot from tlio coritact thi^ ma«^no!itfr is mixod witlisiUcate minimis, and 
those in turn give pUico to crystnlliiie r.mostont\ Tho width of the maj-netile zone is varialjlo; 
in some places this rainernl is scanty in amount, thoui^'h tlie greatest width observed in which 
magnetite is tlie i>rim'ipal rainernl is 21 feet. A body of specuhiritc several feet wide has beon 
developed on the property of the Black Rock Co., iienr the contact of limestone and monzonite. 
Tho workings here were not accessible at the time ol" visit, and the roltitions to tho monamito 
cnnld not be definitely determined, though there is no doubt that the speeularito is due to 
enntiict nltoration. 

ROCKY DISTRICT. 

Sediniontiiry rocks are present only in the southern pnrt of tlie Rocky district, where they 
are in contact with the qunrtz diorite and quartz monzonito, both of which hnve produced 
contiict alteration of essentially tlie same chftriict^r. The sedimentary rocks consist of a block 
thftt has been included in the lutrnsives, nnd dikes of the monzonito are uuoierous in both the 
limestone and the quartzice. The quiirtzitc has been grontly shntt«red, nnd, especially in tho 
extreme southern part of the district, the monzoiiite enteriug filong tho fractures has i)roduc€d 
an intrusive breccia. 

That the blocks of limestone were included in the monzonite and not faulted into it after 
its sDlidification is sho^\^l by the development of contact mineralizauon to a variable extent 
wherever the two came into contact. Dikes can also be traced from the monzonite mass into 
the limestone, which would not be the case if tliis contact were due to faulting. 

Trie quartzite has suffered comparatively slight change where it is in cnnracfc with the 
intrusive rock. The ciuartz grains arc cemented by carbonate, and there is considerable inter- 
stitial clouded feldspar that has probably resulted fnmi tiic contact alteration. This feldspar 
is u.sually too clouded for definite determination. It has a low index, and some of it shows 
twinning. It is all alkali feldspar and, in part at least, ulbit-e. A little iron ore is present, and 
i\ few crystals of rutile were noted. 

The alteration of the limestone has been pronounced. The entire body of limestone has been 
rcerystallii^ed nnd contact mmcrals nvc abundant. Garnet, magn(^tite, and pyroxene are tlie 
most abundant contiwt niincrals, though nuiscovite, a brown, slightly i)lcochvoic mica that ia 
probably near phlogopite, tremolite, quartz, ])yri(©, and rhalcojnTite are pivscnt i/i notable 
amounts. Apatite is associated with the niagnetite. Magnesite occui-s as \'eins cutting the 
metamorphosed limestoue. Such veins are well cx]>osed in a prosppct pit north of Hickory, 
wfiei-e thev cut nnignetitc and limestone. They vary from some of almost microscopic size to 
cthci-s IV feet thick. In the limestone area northwest of Hickory sinnlar veins wei-e noted at 

several points. 

The rare and interesting nnuoral thaumasite occui-s in small veins in the altered limestone 
on the first level of tho Old Hickory mine. This was formed later than the contact alteration, 
i;s wci-e aldo the magncsite veins. 

Tourmaline was i.bserved in small amount in the prf»9pect shaft in the quartz diorite north 
of Hickory- This locality is near the contact of quartz diorite and limestone, and dikes of the 
quartz monzonite are present. The forunition of tourmaline is probably the i-csuit of tho 

intrusion of the nionzonitc. 

The contact mineralization shows rather marked \'ariation in its development at diflerent 
points. The block of limestone dh-ectly n.>rth of Hickory has a strong band of gurnet on its 
^viMern border, with smne mica and sulphide minerals but little maguotite. On the eastern 
border where it is in contact with the intrusive rock, nnignetite is rather abundantly developed. 
Near the blacksmith shop northeast of Hickory brown mica, probably near phlogopitc, is assu- 
eialed with magnetite. The intrusive rock at this pohit is possibly the quartz diorite. 



GEOLOGY AXD OIlE DEPOSITS OF THE SAN FRANCISCO KEGION, UTAH. 

Contact lU'oration is best dovoloped wlioic. tho quiU't/ iik.i.koiuU-. ia in contiR-t with linie, 

fnne The most coiMion Hltemtion U the cimnge to inu-i.e(ilo at ihc inuucdiate contai-t, this 

M-adu' lUv ffivin- pii^cc to ->u-iK-t .uid the garnet in turn to crysU.HuK^ Imicstoue. Y oUovv-jp-crn 

mid CR'on uu"it<! is abundmit bul docs not :ippear tfl be ooniiucd to aiiv zone, being assormtod 

with the magnetite near tlie coiituct nud with the g:ii-not jit considerahlo distanco from the 

The. development of niagnctito tind garnet is diverse at dift'oreut points. The best surface 
exposures are seen at t.hc Old Hickory mine. Here the quarts monKonito is not exposed iit the 
surface in part at least behig covered by lloat, but on the lirat level it forms the west wall ;,! 
me ore body. The magnetite /.one at the surface that hus been rained as ore ia over 1 5 feet in 
width. This is followed by 50 to 60 feet of garnet, which terminates at a Jiiyer of qviartzito. 
Beyond this are intercalated ytrutu of quurtzite and ah-tncd liuiestojso cut by dikes. The 
presence of qiiartzite and niiuierou^s dikes made it ijiipossible to delerniine tho distance to which 
the limestone may be jiltx^red to garnet, but the foi-miition of abundant magnetite? appcrti-s to bo 
eorifinexi to a mnc within \5 ov 20 feet of the monzonito. As already slated, the augite was 
fornuui throughout the jJteiation zone, though it is not abundant close to the contact. Sul- 
I)hidc.s occur hi smiill amount hi both iJie mnguetite and garnet. They are lor the most piirt 
contemporaneous in origiu, but a few small vemlettt of sulphide were noted cutting the mag- 
netite. The altc^ration of the limestone southeast of Hiekoi-y is hi general sinrdlar to that at the 
Old IlickcMT mine, though the eoiitact between quartz monzonito and Ihuestone is much h'ss 
reguhu' and the bands arc by no means so well marked. Oxidation has also l)eeu much more 
pronoimeed, much of the iron being prt^mit as limonite. 

STAB DlSTaiCT, 

In tho 8lar district contact liUenttion is pronouncevl wherever the quartz nionzonlte is in 
contact watb linieatonc. In the few pliu:es wliere the quartz monzonite is in cont^^et with shale 
there lia.<^ been slight alteration, some of the. shale bemg silieified. Tlic limestone near the 
eonUict bus been altered to a wliite erystjiUine limestone, us is well sho\vn in the snuthonsteru 
part of the district, where tl:e limestone Ls filled with hitrusive ma-sses and the whole body of 
lycU as seen from ii dislance presents a mosaic of dtnk and light areas, the dark beuig the hitni- 
sive roek and t)ic light the altered limestone. Ty^jieal contact minerals are developed at the 
eontaci hi all parts of Uie district, though the amount of mmeralizatiou, especially of the 
sihentc uimertJs, is less conspicuous than ui tho other distru-ts. In general, the mmorals result- 
ing fiom the alteration nrc similar to those of the other districts, consisting of quartz ganiet, 
p^Toxenc.. tremolitc, mica, magnetite, and sulphide muierals. These minerals are preseiit not 
only near the ront;u;t, but also along fesiires in the limestone at. considerable dLstaneos from the 
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. e en. hssnres but at no great cbstancc from the contact. Oxidized iron ores - r abun- 

|l.ua^nMhe.e deposits. They have probably resulted f...n the alteration of .ui;^^^Z 
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the (liflon-Moronoi districl., Ari/.on;i, vits otu- of tho ciii-lu^l <le(.nilcd siu.IioH in this coiuuiy 
in which U ^^'a.s sOiown thiil \nYgo, luUlilioiis luid boon mndc (" fUo ('oiituct zoiio fi-om the iiiinisive 
rock, thour.]^ ij^g |j3^(.| 1^,^,1 ^j,(,|j rpcn^ii/AHl hy ihc samo ftnthor onriior. Jn (ho hist few veiira 
simihxr occurrences have lot-n recognized iu many other districts, but. us }ol gL^olugists aiv bv 
no means agreed as to the (Oumges lliat, tiiko place ii\ tho contact isoue, and it seems possible 
(Imt. this Inck of agreement rsuiy bo due to the fact that ihei'o ai-e essential dilFerences at dillWent 
locaHties. 

For example, J^indgreii believes thiit tho minerals vliieli feim the contsiel zone m the 
Clifton-^roieiici district, occupy cssentiidly the same space as tliat orifjinidly oc-cnpiccl bv the 
Umcstone, and that, there has beea great ehange iJi the chemical compi>t.ilion of the rock. In 
(iiscussiiig the alteration of limestone to gurnet he reneJiea the folIo\niig conclusion:^ "MtiO 
kilos CaO and :,li,)0 kilos CO. have been carried away per cubic juetcr, wiiilc 1,330 Idios SiO, 
and 1,180 FcjOj have been added, the hitter amount being a minimnm betiause of tho magnetite 
so frequently found ftssociut-ed with gnniet. These are ustonishiiig figuiTs and give an idea 
of the vigorous transier of muteriul which took place during oonfiict nietaniorphism." 

Concerning the altered xone as a whole he snys:= "The aiicnni nutks have, Ix'yuud all 
doubt, generally received a givat excess ol' iron, sulphur, copper, and zinc, and in the case of 
the pure limestones, which over large areas have been converted into iikiiost pure garnet rook, 
liave received inimetiso amounts of ferric oxide and silica." 

Leith and Harder'* have rcache-d quite different conclusions in regard t^^ t!ic cliftiiges thai; 
have taken place in iho Iron Springs district., southeni ITtah. Of Iho generni changes they say: 

li the principal eheoiieal chanRt^ ia rhn developmeat of llio contact phiiw; luia ct iiti.st*.^d io ifnv eliiniuntioii oi' tiiicite 
wxl \r> .1 lff« exl'-'iit of magnesia, iron, and i»o;a*sa, leaving aUimiu:i anil ailiai Hubalan'ially uinJiiiii;,-f<.i in tlicir raliim, 
AS hvld to iH' pnsyiblo in an earliisr jvir^jruph, this lias iuvolved « vrry ccin^di^mblo lijcts u\ wi-ipfif, and. as the di?n«iUea 
ni the frcsll and ivlLercd rocks dilfurcu liUlo. ihe l.'M in volume alwihaa bct'ii lar^c. Kemp, I.indgrfir. and o!h«ra hiive 
died luck of s'^ructural evidence ui diminjlinii in vulmn>? :l1 limcHtMiH' cimlacts a.3 favnriiig tho vii^w lh:Al imitcriida 
iniwl havi) bp*Ti ictnjduco'd from irilhout to tsvko ihc plr.o.' yf rim cikiiini <-arbMiuJtn. hi ihc Inm Springs dialrict the 
field evidf'ace does not positively prove or disprove impi-nunt voUimc d],lIli:1^ but then- is no iippjiruiit fiild evidwicc 
id cunlradict Uie evidence fur dimiitatioil af \'olume hcpj csilcuhitud. Trio linwilfuo. though Mlled away fmin llio 
andtfliti- Ificcolitlia, nowhere ahowa e\'idync*' of crumpliug or crowding wliure llie lii'diimpF can bo ohtJii-ved. In the 
altered phas/ei tha bt-ddicg bun btun df^mycd, and it ia eaay to rouccivo ihul (his Mnunnnilly oinorphoiw! lone mny 
rcprefout only a p;irt. of iho volume of ibe original nick, ibe L-.ilriuiu lurlnmatf having bix'ti drivoa ollf and iho olliur 
cnn.iUtiK'utH conccn'r.ited. Thu chan^i^^ in volume of tho liineatone woidd wari^fly be cxpuclcd to atand out cnn- 
spicuoasly in tho field tvUil iov.^. for it b-i.-i uccurrt'd, il al all. iu Ihu hand which noff do<>-s not show nrigtntil lexlurcs 
or structures, by which than^^-'j uf volume cfJi be ini-;uiuri.>d in cnimpling tir (oldin;:. 

In general i'. :'.ppcan iliat there nuiy hnv« been impor'x.nt diminuii.m of vtplnme, ftccouiplished cwtoniiQlIy by 
Icsa of materials and not by chango of dt^nsity of niinorala. 

Niimeroiw histnnces might be eiled in support of each of the views expre.ssed in tho above 
quotations, but tht^SC are ynflicient to show either that there is aji e«eiitial difference in the 
character of (lie alteration at dift'erent localities or that t.he observations or the <ieductious 
drawn from llieni in one or both jjlaces are erroneous. 

As already shown in the descript iou of the contact zones, the evidence in the Sun Francisco 
region seems to indiea<e imiwrtant chemical chnitges without marked changes iu vohinu\ It 
luis i)oe.n ?^tQ-ed by the authors quoted nbove that it has not been found po^>ibki to obtain 
positive evidence t'hnt there has or has not been volumetric cliaiige durmg ihe proces-s of contact 
alteration.- and the same is true of tho San Francisco legion, though all flic evidence bearing 
on this point that was collected Indicates that the chajige. if any, has not been important. 

The locahtv best suited to observations on this point ia that on the soulhem border of tlie 
roonzonit-e mass in the S«n Fi-ancisco Kauge. Jlere near the central part of the c^miaet zone 
asexposed contact niinerulizat ion is stmngly developed, whereas to the east and west the develoit- 
ment of contact miiu^ruls is relatively sUght, the aUeralion consisting largely in a recrystalliza- 
tion of the limestone. It does not seem probable that there have hci^ji any considerable changes 
in volume in the rec.r>'«f*^li2a*'»o" <>' t^^ hmestone, and if there has been large slu-mlcage m the 
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zoiio 01- altcmtiniL lo siU.aUs It would he shown by structural brcnks m th. urea, lying b.t>s-eou 
ll.is'.one .ml the cry^lulUne Imiestone. No imporl.ml structural brealcs were observed on 
eithm- s,dc of ihe zono'of contact minerals .ud it is therefore thought, thut the change in volume 
accomp«nvhiK ilio ch«ngos in chomicul composition was sight The ob-servatioiLs ,n other 
parts of the distriot do not tlu'ow much addiliou.il light on the subject. At no place, however, 
were m-idences of slirinliiige obsen'cil. 

C.MJSK OK CONTAfT METAMORPHIS.M. 

The close association of the eontiict mineralization with the intrusive rocks leaves no doubt 
that the alteration of the limesloiie \\ns a dii'ect result of the Igneous intrusion. The grertt 
variation in the .imount ui' mincralizulion iit different points jilong the coutuct indicates thnt 
much itf the nmferiul added to the limestone was nol given off directly from the igneous magma. 
Thiy vtiriiition is well .■^howii in tiie San Frauei-sco district, whore on the north side of the moiizo- 
nilc niuAs thn c^mtuct ^^iiows slight miiieralizfttion but tlic limestone has been recijstallized and 
on the south .side the alteration is far more extensive in certain places, a^ alreudy described, 
tind lit other places the change is principally a recrystallizution of the limestone. The same 
is true of llie cx)ntfic(. in the northern part of the Beaver Lake di.strict, in the Roek\' district, 
and to a !c?s marked exH^ut in the Star district. These conditions seem to indicn t« that the 
iutru.^on of the quartx monzonite cuused n recrystnllization of tho limestone through the whole 
extent of the cunt^ct, and doubtless some material was given ofT from the magma and added 
to the limestone all along the contact. The groat extent of mineralization at certain points, 
however, suggests that the solutions given ofT by tho crystallizhig magma were collected iutii 
chaimels and entered the limc^torie at these pomts rather than uniformly nloug the entire contact 
zone. It seems not improbable that aftw the molten magma had entered the sedimentary 
rock.s and the outer murgin solidified, chamiels were formed that directed the course of solutions 
coming from the interior of the ciyjitaliizing mass and conc-cutrated their action nt certain points 

SUMMARY OF GEOLOGIC inSTOItY. 

Tho eiU-Uest event of which there is a record in tiie rocks of tliis region is the deposition of 
thd Grsimpian limestone, in OrdoWcian and Carabrif;n(?) time. To the west of the Sun Fiancisco 
district, in tho Wa Wa Range, the deposition of tho limiwtone was preceded by that of Cambrian 
shales and quartzites, and it is probubto that the base ot the aecUmentary .series in this district 
rests upon a baacn\ent of pre-Cambiian schista and granites, as it does tii the south, where the 
ancient rocks are exposed in the canyon of Colorado K-ivcr, 

I'roui the time of the deposition of the Grampian Umestone to the Trinssic period the region 
WHS probably beneath tho sea nnich of tho time mxd received sedmients. Tho conditions' of 
siuUmontation, however, were subjeet to numerous chaagos. At times tho ai-ea was at a distance 
from t.he. aucii>nt shore hue and was ctwored by a deep sea. At these times the limestones were 
laid down. At other iieviods changes in the level of the land caused the sea to recede and 
bnniglu *!io area near shore. Under these conditions wen- deposited the sands that now form 
lie qu^u'tzites. Sneli .i ehrtiigo occurred after the Grampian iimastone wrta formed, resultrng in 
the deposition of the Morehouse quart,zite. Tlie area was then again depressed and remained 
the H'ene of dtx^p-sea deposition uith minor oscillations (as in the Devonian period, \vhtm the 
Mount/a siHlu was doi>.vsito^) m,til Carhoniforous thne, when it again received neav-shore 
depo^ s, the lahsman quartzite. This period, however, was eonmaratively short and at its 
close the area agam received deep-sea deposit.., resulting hi tho Elephant Umestono. 

At the close of Pennsylvanian time tho n.-ea was elevated so that it was covered by a.sln^Uow 

sjm, mul tlus concht.ou petsjst.Hl u-ith mhmr oscillations in the Triassic period and Vesnlt^.d in 

I 1 ;t ;r;' 1 ' '^ ^l"7'ngton fomuu-ion. At tin.es durh.g this period the waters were 

c n n h ' ^'^^;""^;'-'^ l^'''^^^"^-> "PI>>'- marks on the sea bottom, which were buried, and 
can stiU bo seiMi ni tho shales. ^ i ^ ^ ^^ » 

SHihuont. u, nllciw tlit! cutting of viiUoys l)y sti-wims. 
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Tlir ili3trint iifFiM-cls ni^ rccA^vd ol" cn'outs bt^tweeu the dopositirtn of the irrtrrinj;:ton fornuition 
(Trinssio) »nd t.hut of the Lake liojsiiorillo hods (QimtprniH-y). If seduuLmts other thim the 
Quiit^rniiry dejiosits wcie accunuihitod hiter thnu tli« tlanington formation, thoy hnvo boon 
ciUiroly rcimn-cd. From the evidence in surrounding rcgio'is it sconis probable that the iiroa 
wns iibovo Still level for iit h;a^t pint of tliis interval. Crel>icw>ns sciliments iii-e pivsout in ilte 
Iron Si)nng3 district, «nd it is possible thut they were deposited in the Sun Francisco rc^oa 
also, but if So they liave been entirely removed. 

Upom an old erosion surface were poured out, probably in Tertjary time, great fitjwa of lava, 
nearly or quite bur>niig the entire nren. Soon after tliis outpouring of lava the region wag 
broken by fuultuijj, mainly ulong north-south Iim>s, \vith niiiior breaks nmning east and west. 
At about the anmo time the region was invaded by oxtt^risive masses of intrusive raateritvl, 
forming the stocks of qutirtz monzonite. This intrusiou wiis aceonipanied by fanlting and 
fissurijig of the (nirlicr rocks and iinraediately followed by extensive contact alteration of (lie 
limestone tind tlie dejjosition of ores, both clos? to the intrusive contact and fit n distance ulong 
fissures that furnished chunnels for the reudy piissago of the ore-bearing stdutioiis. Tbe cooling 
and eiystftlli/.tition of the quartz monzonito masses were accomininied by fissuring, and lUttn" 
the fissures wero itijoctcd basic and acidic differentiation products, forming dikes. At essentially 
the same period watery solutions excluded from tho crystallizing mngma at greater depth 
escaped throngii the fissures in the solidified and partly cooled i)ortions, rosuhing in prononnct'd 
alteration of tho quartz mouzonite and tho further deposition of ores. 

Noiirly contemporaneous with the ignwius acti\Tty there was a generul olevatiou of the 
region, accompanied by faulting and tiJtuig of the fault blocks. This wns followed by a period 
of erosion. During this period the rocks coverir.g the iiitriisivo masses liave been in part remttved 
and tho region reduced ti> its present topographic form. Tho material from the higiier pnrlioiis 
nf tho tuea has been deposited in tlie low intcrmoimtaiii vjdleys, for tho most part as land 
deposits, though some of it was laid down in Lake Bonno'STllo, whose aouthern extension at its 
highest stage covered small portions of this region. 

Northeast of tho Sau Francisco regioix there has been an outpouring of basalt since tho 
deposition of the Lake Bonneville se4.1iments, and it is possible that with that basidt should be 
correhit<Hl tho olivine basalt of this region. 

MINERALOGY OF THE SAN FUANCLSCO HEGION. 

The region liere discussed is unusually rich in minerals, including one species that has not 
hithortt) been described, another that has not been previously reported from this continent, 
and several othei-s that have been reported from but few localities in tlds eountry. Many of 
the mljierals show nothing unusual in their character or occurrence and need little discussion; 
others, on account of their unusual character or interesting occurrence, ^^^ll be treated in greater 
detail. The order adopted in the discussion of the minerals is thai followed by Dana in bis 
"System of niinoralogy." 

NATIVE ELEMENTS. 

Sulphur. — Native sulphur is reported to liavc been i>rcseiit in cou.siderable quantity in the 
oxidized zouo of the Horn Sih^ermiac, and specintcns colleete<l ft-om the nhl dumps indicate 
thnt the reports are correct. These specimens arc composed of rather massive material of the 
tN-picid vcllow color through which are scattered variable nniountvs of tho secondary lead minerals. 
■Sulphur was also noted in ore fi'om the Re<l Warcior and ^foscow mines, where it occui-s as 
small crystals in the carbonate lead ore, the whole fornung a friable nutss that is rendily criished 
ia the hand- The occurrence in these ores is local, and the wTiter did not sue the material in 
pluc* and therefore did not aseertahi its relation to the other ores. It is e\'ident from the 
si>ecimcn, however, that tho sulphur is found in ores that are eoinpletely oxidized. Thcro are 
probably 'numerous other occurrences of sulphur in tho uuncs of these districts. 

Co?rf.— Native gold was not seen by the wTiter. The ,;res of the anm carry small quantities 
of ijold, ho\Vever, and it is not iniprobahle that in the oxidized ores tiiis is present as native gnld. 
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07. r ^Native ^ilvor svas ^ecii in ono specmicMi of ore from tlie <\^m\y of tlio llurnngton- 
Hickory mme, the si>ccirnen he.ving come, from a point, ne.r t ho present water Icvd^^^^^^^ 
s Koi s an imp..rtant constituent of many of U.e aros, nnhvo s.lver is .ortainly or ralhoi rare 



''''■" 6W^Nutivc copper wr.s (.b^orvod in the ores of tlio Skylark mine of llic TTtnli liiite.l 
Co in the Beaver Lake di.lriot. In this mine it occurs iis .^nu.ll Ikikcs along frar.lurcs m ]oag- 
nctit^- ore Xativc cx.ppcr is reported from the Cactus anU C) K mines, wliore it ocoum-d m 
the oxi<lizcd ores but was not an important ore mineral. It \va.s seen in a small vein in Black 
ll(,untain on the Xevuda Jicady Pay gi-oup of claims and in the oxidized ores of the Impcrml 
niiiie. There are doubtlc^ many more occurrences of copper in the region, but it is nowhere 
an import ant ore mineral. 



SULPHIDE B. 



Stihnife.— The. jintimouy sulithide, Sb^S;,, has not beon positively delerniined.. but some of the 
Iloni Silver lead-antimony ore is seen under lite microscope to bo composed of two distinct 
niinerniti and it is possible (hat these ere slibnilo nr,d galena intimately intergrown (PI. XV, 

B, p. 108.) 

Bisrwuth mite.— The sulphide of bismulJi, BijS,, was determined in specimens from tho St. 
Miu-ys mine, b'.it is i}robably noC abundant in any part of the region. 

MohiblcniU'-. — Tho sulphide of niolybdenum, JloSjj occurs as a prinjary mineral in the orcA 
of the K mine, where on the lower levels it forms veins 3 or 4 inches thick and several t'eet 
loMj;, being most abundant in coai-so pcgn^atitic (piartz. In some specimens of chalcopyrito it 
fiJIs minute fraetiires L-i the copper mineral. Though these two minerals were i>robrtI>ly formed 
at essentially the same tunc, they show a marked tendency to -segi-egate^that is, where molybdc- 
ailc was dcjxisited in some abundance there is little chalc^pyrite. Molybdenite also occurs in 
the (> IC nibio iis an orit^inal constituent of aplile. It has been recA)gnized in microscopic crystabj 
in tlio altere<i rock of the Cactus ore zone ajid is present in small amount in the contact rook 
of the Imperiid mine. jMolybdenum ocx*.urs in tho lead ores of several of the mines, especiiUly 
tho llamnglon-lliekory, but the sulphide has not been recognized^ though it is possibly pre:i<crit 
in liic galena. 

Molybdenite has not been found in couuneroial quantities in this region. 

Argf.ntife.—'V\\Q. sulphide of silver, .'Vg^S, is doubtless the most important silver mineral 
of the original ores of the region. It is rarely seen in suflicient (juanlity to be recognizetl. 
usually bein^ contained in small (juantity bi the other sulphides, espeeialiy galena. The pure 
mmevai is roijortcd, however, to have been present in considerable ujnount in tlio sparry and 
sihccoiis silver ores m the upper levels of the Horn Silver mine. 

Gaknu.—'Vho sulphide of leiul, gnlena, PbS, is the principal prunary lea^ mineral of the 
regicii. It occui-s with pyrite and sphal.iritc in the replacement veins in liuiestono, being the 
must valuable mincnil of the primary ores of this t.y|)e of deposit. Together with other snlphides, 
it omirs in small a.mounts intergrowii with contact silicates in the zone 4>f contact alttTation 
south of the Cjivctus stock of (pmrtz monzonite, behig observed especially at tho Wasliington 
Huneand m the Peacock copper ground. Galnnn. is found in the replacement veins in hiviis 
and js tho pnmary l..ad mineral of the Horn Silver and Carbonate mines. It is present in 
smau anmnnts m tho ores uf tho Cactus mine, where it is one of the lat..>st minerals to form For 

!';!S Z.y^^. "^"'"'"^ "^"^^^ '" *^^» ^'^"^ specimen. In the Horn Silver mine it has 

extent. Some specimens collected 

typical cleavage in the lumd 

igh lighter in c^ilor. This type 

silv.M", and comjnp,-..MKr w ■ *■ " "' "^"^^' """" ^^''P^'^t^ .^bist of the g»dena crtrries 

tW,l^ '^ ^ " ^"' "^"^^ important prima:-y mineral of the region. 

one of the sulphulo« resulting from the replacement of the sulphides of other metals. 
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In pari at least il. has doublicss been formed l>y the nltcration of covclHto. In the X mine 
itocGiu-s ns u replaoenifinl-of pyrite and probnbly ohalTO])yrito, It acuibtless occurs in smrtll 
Hitioimts m .^omc of the uthor mines. It is rcporteil to have been an impoHant ore niinernl 
in (Lo high-fjrade ore from the O K mine i\nd was probably inii)rn-tftut iil^o in the copper ores of 
the Horn Silver mine. 

Sphalmte.— The. orJhinry sulphi.le of zinc, sphnlerito (zinc blende or jack), ZnS, is present 
in many niiii^s of this rpgion. With pxTite and galon:; it foi-iiis the main part of the inimaiy ore 
of the Horn Silver and Carbonate mines. vSphaleritc and wurtzite are the principid minerals 
in the kuw ore of the Horn Silver mhie. Sj^lialerite is present together with other sulplddes 
infergi-owTi Hitb silicates in the wntact-metanioriihic zone south of (he quartz mon/xmite slock 
of the Cactii;^ area. It occin-s in many of the mines of iho Star district, being noted in especial 
abundance in some of the prlmury ores of (he (\-dar-Tfilisman ami Moscow mincj;. Tt i^; tho 
zinc mhieral of all the i^xlmary ores nf the district. 

CoveUAte. — The Lndig:o-bIue co]>por sulphide, covctlite, OnS, thoufijii a relatively rare coppev 
mineral, is rather abundant in the San Fraiirlsco region. It occm-s m the Ilurn Silver Dnne as 
replacement of pyritc, zinc sulphides, and fjnlenn and as an nltei-ation of chalcolite. It replaces 
chnlcop^Tite in the O K mine and is present, j^robably rcplacinj:^ chalcopxTite, ui Iho magnclite- 
coppor ore of the! Old Hickory mine. A ^■cry little was noted in the Gitct.us mine. 

Covellite was an inijiortant copper miueral hi the copper ores I'rora tiie Horn Silver nunc 
and is i,'eported to havo been relatively abundant in the ores fnnii the O K mine. 

GreenocHtc. — The sulphide of cadmium, CiiS, was noted in specimens of sphalerite from tho 
Moscow mine, where it forms thin hhus either deposited on or replacinj;; tlie zinc sidphide. 

Wwtzite.— The hexagonal sulphiile of zinc, wiirt/.ile, ZnS, is found in considerable ahmi- 
daiicQ in the Z-ino ores of the IToni Silver mine. The zinc snlpliides of this mine arc nnusually 
light-colored, tho pure sulphides usually being of a honey-yellow color. On superficial exani- 
ination the zinc Sulphide appcai-s to be composed of one mineral, but in thui sections under the 
niicrosoopc it is immediately apparent that there are two minerals, one the ordinary isotropic 
sulpliide and another that is rather strongly double refractitig. A closer exammution of tho 
sf>ecijncns revejxied numerous p}Tainirlal erystids, several of wliioh were submitted to W, T. 
Sch:dler, of tho Geological Survey, lor chemicid and erystiiliographie investigation. iU-. Schaller 
makes the follow^hig report: 

The rrjiHtnla show a sleep hexagonal [ni-aiiiid, nhich is stroni^ly striitiM horizonlally. Accurate ntoaauromenta 
were not posjiible, ua the HlriiilioiiH caused ihe crystal.-^ to bccnano miimlei! with ron-sequent nbseiicfl of pl.ine facM. 
The vryslala were lueasufxid oa tho two-ciicle ^;oniomeler and p augty dctenuiitud for Iho pyranii*; facM, This angle 
ttirrcsponds to that between tho basil plane (abscni <in the?e crystals) and the pyramidal faces. The values obtained 
ire shoim billow, the pyramid being tho form o(2021). 

On'Mt*! No. 1 " *^ ^ 

Average mca.iui*m«i.t Iil° W" 'iO" fll". Calculated, fir Oti'. 

Tho crystals of wurtjsit*; dias>W« rendily in HCI, evolving n,S. Tha yoliilion contained abjr.dtmt i^i:ic and no 
olbor racial vnMi present In appreciable quantity. 

The following description of arlilicial wurtzite hy Allen, Crenshaw, and Merwin ' has 
recently been published : 

The'edphido oi ziiw oceiira m nature cryylallized ia two diiTcn-nt torms-the common Hphalcritu, ar bk-nde, 
which hflotii;^ to the regular sA-atein, and th« coinpiu-ativoly mi-o wurtzite, whifh bclongH lo Ihe hexagonal .-^y.Hl^m. 
Both are tmri-^parent and straw-colored^ wheu puiv, and are disliu-imhc'd fn^m wch other uud frum amorphou!. xiiic 
milpbido by tho pr^ence or ftbscacc of double rc?fnct.ioa= and by the magnitude ui the indices o: refrtction. Tho 
bitcr h>r .-nhfllerite i« 2.37, which in sodiuiu light is ^Ughtly less tluia that of wurlzKe for the my vibmiing m tho 
vertical a^i(,, whUe the other iudex of tho Utter mineml i^ 2.35 tMera^n). The^ pnjperii^ were dot^^rmuwid mi^ 

~~^Tti^F^'.,Cmviha^;L L., aniTvenWu, It. K^Tbe sulphl.lM «r rinc, railuilum, and mtrcurr: tiiL-inay^tiilliDc l^nm aj,1 (J^rcac- vtni. 



94 OEOLO.V AND OI.E DEPOSITS OK THE SAX .RANCSCO H.UIOX, UTAH. 

verv pure natur.1 «pba>cn.. i... ^-.n.. Mox>., .n<. o„ .h. wu.ui,. fonncd m..n i. by hcn.ing .o .h. p.,„ 

l*.m«CTa(um. Tbe aiiflly^i* of lhi« mincna vj« .^.^ folium.: 

' (!G, 98 

^f )5 

••'f' 32,78 

S 

99. <n 

m- n'^afic gmviiy of the tv.0 miiien.lH««Hftl*. tk.K>rmimMl nn Ihn <;mio uiau^^^^^ 
T.\ni./- 1. -.V^jrn/it fffdi ifi.n o/fpha/(rUf and unrtnk. 
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■ For(Ini(JoLara!tMllMidfwimpkloiil.viil»i!lft..l icraaii wia uwd; hr ihmc of simple Znlmtl iafiniiTw imu aviiilytiH*. »ncl iltc laliw viUnte 
■r6 .lUliJii*: i<i kaic>rnir in tMieeijuffiir^' 

Tlie licsuitiiiiitl frirm, wiirUile, s.\!partitcd froni sxilutinn^ in Vrnvv t'.xMpnic luiliilw. U) Pi'iKiHUt-ic, hiuMiintriihir; 
PO'^iinlK ufmngly Kriutol lu-nj-w tin: piicm facu-s hhU vouching 0.8 millimeter in length were prr.d'jced iu the double 
liihe in nil ncid f^'linioii uftcr twn tlr.ya at about 375°. (2) Crystals, lobular piiniUol la the Vmi-t? and modifuxl by a 
•lift'crt'iit pyniinkl un oach r-nd, o^inrrud wit.U thc« t*'*'-'""*' (3) HiirdGncid amorpbimsglobule'* frum ai-id solutktnaat 
liiph U'lnjinmturea lit'tome tniiifformcd into inherent tnii.'tscs of very Hicall, doubly refncting griiiifl hflvin^.' Ilic aniim 
n'fmitivc index of wurJj.itf. In two oiK-s dintinclly nii.linl-fibnj\i.i (onnH. liuviiip Hie cIinnirleriKtics of wtirtzite fUm- 
guled imnillcl t<i ilic prism, wert^ wx-n. Thi.'* slrarliirt iw found in the natun^I whalcnWcndi?«. Experioncc h(i« hhowri 
thnt :]te-K\ ati^Tv^itcd, iiuruonrd in methylene ii>dida nnd viowed in ordinary light, may appear cntirt-Iy ---itropic, 
but mfuint4-d in a. red mixture vi nulphiir and aclenium having itbout the same refractive index as the nggi-r-gatea, they 
ure difliiii'lly donhly refnicfing in arlillei;)! light. 

Wuriiiio produced by fniiilimalion may appear in slender needlt-^ vi email atout ])ri*m». Such cryslala madu 
(nun pure xini- mtlpiiide were uw;il fi .r dclenniniiiK tho a-fnctivo indicva under the niim .eciipR. ■ The values ohlnin*''! 
me «!4 (cUowh: w lj""2.3SiV, * m^i.Ii&fi. u k.^S.SoC, < j[^=2.378. An independent meaaurpnient of t— w on the prisms 
giive .019 for Li-iij;ht and .020 fur Na-Iight. • * • 

Op'^'zal and rr^'ialloyraphk rtiatiom tu-Ucfrn *phaSmU and WtiTiiiU.—The development of double refmolioii is 
tho itdy eonchijAve evidenr.? wo have of the change of tir}>halerito to wurtzito by heating, Inaamucb aa the Iranpfor- 
m.iliun in Hltnv, il* pn-grKa ran he Htudiud. In forrii.TuuH blondes tnuisfnrmn'.ion app.:iirH to be moHl rapid, starting 
u^mlly Jli'i.-iiislo point in a-grain iind progreraing so thai the final product b;(s lik^ oriimlalti.in thrnuglmut. In graina 
d llh' piirpst aphnleriti-s the wurt.^ito naiiaily bi?gins developing at nn.rc than one jx-int and in ilirfrTL^nt ovientallom. 
'nieM(n»-(iiTcpr.wiiut-il is ml intei>rrowlU of hmielhi of wiirlzite, cm n lamella having its principal axis parallel to one 
(if IriRomil axcH of tho ?phalerHo j^TJin. It in evident that Ihc atrengtli of the double refroelitm of a grain thns trans- 
fi.rmnl will be ix.ndilir.ucd by ihL? relaU've devflojiment of Uiu four iHLjsihle ».'.[& of U.mella', J. Bei'kenkamp ' has 
cunwdeitfd thidl lumeKw of wiirl/ite m^y develop parallel l.i the trapezohedron of sphalerite. Sudi himcllic would 
outcrop on a rleavat-e fi.ce pam'.k'l i.r nunual to I'le-ivagci? cr bi«?cl.ing ibe arnte nxn^lc between clt-avtige nir;:u-es. All 
of the ..ut(TM(,pi,,jr ,,i„n,^ would be obli<iue U. cU-v.v«so planes. No lamellw of tliU s^irt were ee^n In tho \»r^ number 
of pri-piirjtiiMi» ox;imined during (his investiiflition. 

In maK-Mi.; furnished by Mr. B. S. B;uler. fn.m Il«ivcr County, Utah, prismatic iTynlaln of wurfzite from a h 
cir.t.d ■..•in have frapment^ .,f ^phalerit. a*, nuclei. Tlie tm^ ..f the priKmiUic rleavaga of the wnnnUi and o( 
ck.iv.i,>e^ ,.( tho aphaleri.e appear U: W i^.rall.',. Tho wmmic cU-nv.^« parallel (o -he ^ond order priMn. 

Ik- konkainp h;.. dimi^d in detail l!,.- v. r>- elo« cryHUdlogmpbir relations of ^phalerilo and wurtzile. Wi 
U.^> .,w noH- rMr.la.ed the very slight chang.-« in optical ,>n,iH'rli«<, v,.lumc, and energy mnfent arcornpanvi: 

In imuiy places the uiirUite incloses coit. of .piialeritt,, thongh this is not nnivei^al, «« 
som.. cv.Uv^. m-stak «rcj>o mposed of wurlxite, l.ut elsewliero bWlfcs of tl.e mjrtzite euter 
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the spliaIont(i, iippnrently alojii,^ clcgva^c jthmos. The wnirty.ite appears to be later tJitm the 
sphnlerilc aiu| js believed to have been imroduced bv solutions coming from the oxidi/jitrr 
oi-es hi^Hier in the deposit iuul to liiivp been prcriplmtod i" t!ic sulphide zone. The maimer 
<.f formiition in moro fully disp,ussed in tlie section on soi-onilury (illei-jition of the ores (j). 154). 

It is worthy of note thiit the -/Am- sulphidt's in the Horn Silver mine lutvc to an unusunl 
ilegi-ee tlio property of triboluminescenee, or of pvinj; otl" li^'ht when scTiitclied. Zinc ore is 
readily detectod in the mine by drawnng tlie point of the pick or emullestick Rtross the fiiee 
of the ore. If zine sulphides ure pi-escnt tiie point of tiie nieTiil is followetl bv a line (tf s])iU'ks 

Wurtxite hns been reported from tiie Origimd Butte mine, iit Butte, llont./ where it oceui-a 
lis fbe pyriiiuidiil erystnls with sphidcrite and quartz, and Weed- describees wnii-tzite from the 
Gngiion mine in the same district. The mineral is evidently either rare or has been penorally 
inistiiken for splialerite. 

Bornitc.~~ThQ ('op]ier-iron sulphide boniit^;, SCujS.Fe.S^. has be^ii reported from the 
CaetLis mine and was seen iji the ores of the Imperial mme, but so far as observed i.s not of 
commercinl impoi-tanee. 

Chalayiyynte. — ^Tlie yellow copper-iron siilpliidc, pbahiopyrito (copper i)yrite), CuKeS, is 
by far the most importunt primary eopper mijiemi ot the region. It is the prituipal co])per 
mineral of the (Cactus ore z^>ne, wliere some of it ooeuns in open spaces as well-formed tetrnhedrai 
crysiids CPl. XI, 0, p. 96), though for the most part it is wnthor.t deiinite crystal form. It is 
the comjiierciidly iiriportant ndneral m the primary ores of the contact zones anrl is the prineijial 
copper mi:ieral in the primary ores of the other liepo^-^its. It occui^s as an original mineral in 
an Hplite dike in the O K mine. In many of ths deposits the ono:ijiid chalcopyrite has been 
altered to carbonates, oxides, or secondary sulphides. 

Ptjrlle. — The common sulphiije of iron (iron i>yntes), FeS.,, is present throuirliout tlie 
region wliovever there has been mineralization or hytlvothermal alteration of tlio rocks. Usually 
it iswnthout definite crystal form, but in the Cactus dejiosit many well-formed ])yritohedral crys- 
tals an; seen. Much of tlte i>yrite in the hi^^hly silicificii rock of the Horn Silver deposit occurs 
in well-fcu'med octahedral crystals; in the more massive subhide ore pyiitoliedral crystals are 
flbundaiit. The occurrence of ni-j^entiferous j)yrite in the Horn Silver mine is of unusual interest. 
It consists of pyrite in a quartz gangue resulting from the siliciiication of the vulcanic wall 
rock. The i)riinar>'" ore carries a little silver. In oxidation tlie pyrite is removed, leavintj the 
silver in the Jiorous rock am! thus raising It to a eominerr.ial gra^ie. 

Throughout the region the jiyrite in the upper parts of the de])osits has hi'eii altered to 
limonite or other closely allied minerals. 

SELENIDES. 

Til testing s]ieeiniens of ore from the Golden Reef mine with tiie blo\vpipe, the ])rcsence of 
selenium was detected, but it was not found possible to determine the scleinum mineral. 

StJLPH ARSENIDES, SULPHANTIMONIDES, ETC. 

Cosal'Ue ( ?)■ — A dark-gray metallic mineral with rather ]n-ominent striatious on the crystal 
fiici's was o(tllected from the 700-foot level of the Cactus mine. This was submitted to W. T. 
Schaller, who reported that it contained lead, bisnmth, sulphar, and a little copper, imd that 
the muierat is co^alitc or a closelj^ alUed species. 

IhifrtnoysUe.—ThQ sulpharsenate of lead, -JPKS.As^Sa, is reported from the San Francisco 
di.strict by M8\-nard Bixby but was not collected by the wiiter. 

Jamesmii^' — IJi sonie of the ores of the Horn Silver mhie a ilark lead-giuy mineral is rather 
abuTidaut. especially in association with burite. The mineral occm-s in massive form a!id no 
niatcrial shoVing crystal forms was collected. The mineral contains lead, anthiiuny, and 
sulphur iuid ii? jatnesonite or some eh>sely allied mineral. 

' Dmnii E 3-» * »rste>» °^ miucniloBy , Mh «d.. iBoa, p. 70. , „ , j, 

' W«vj w. VS.., Criiolc^.v und ore detrtsils ul U:r D\jtl«i dJiitrlct, Monlaiiu: Prof, Pniwr V. S. 'JtoI. S.jr\o)- No. A, vni. p. ft. 
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Pyrargynie.~X minerni resembling the sulphfintin.onido of silver, pvnv^v^c (ruby silver), 
S^^SSb S wa. collectod from ftstopo between the SCK) and 900 toot lev-els ot tho Horn Silver 
mino ' The mineral is deep red to nearly black, but tliii^ splinter, are deep ruby red by tran^ 
mitted light. It occurs in a ftan^ue ol barite, forming thin soains alon- the cleavage surfaces 
or filling smaU fi««uves in the ganf,'ue DMneiQl "Ruby silver Ms reported to have been rather 
ftbundant in the baritic silver ores ?Nt racted from tiie upper levels of the mine, ^fatenal suitable 
for a quantitative analysw of this mineral was not procuied. It is a siiiphantimonirie of silver 
and eitlier pyrar^i-ite or some closely allied mineral. 

Pro-ust:iL—T\e (;ulphareeriate of silver, proustitc, SAg^S.AsjSa, has been reported from the 
San Francisco district by Maynani Bixby but was not collected by the w,-iter. 

Ttlmkedrite.—1\ie sulphantimonide of copper, tetrahedvite, 4t'n.,S.Sb,S3, was collected 
from the ('actus and Harrington-Iiickoiy nmics. The composition of the niii\era! is variable, 
the formula written above only representing the general composition. 

Li the Cactus mine tetrahedrite occurs oa a dark lead-grny to neariy black massive niinernl 
a.ssociateti wth the later minerals of that deposit. Little of it was .seen in the mine, but it Is 
rei>orted that in the hi^^h-grade ore it was locally rather abundant, though nowhere of great 
conimercifti importance. In the Harrington-Hickoiy mine only a few small masses were seen 
a.«so(iat^d with pyrite and galena. The mineral is jirohably present in otlier deposits of the 
region. 

.... t- .... . CHLOEIDES AND FLUORIDES. 

Cerargyr\te.—'V\\Q chloride of silver, eerargyrite (horn silver), AgCl, is reported to have been 
an important mineral in the silver orea in the upper levels of the Horn Silver mine. Chemical 
tests of the oxidized silver ore fron\ the seventh level of the mine by R. C. Wells showed the 
presence of chlorine, and the silver In this ore is doubtless j>reeent, in part at least, as the chloride. 

"Horn silver" is reported from many other mines ftnd prospects of the region, and is 
doubtless present in much of the, ore near the surface, but the writer did not collect any material 
that proved on laboratory test to be chloiide of silver. 

, FluoHte. — Calcium fluoride (fluoi-spar), CaFj, is present in numerous localities iii this region. 
It wa* collectod from the contact zone south of the Cactus area of quartz monzonite, where it 
Is intergrowii with contact silicates. It occurs usually in small cr)^stals not readily noted until 
seen under tho microscope, although in some hand specimens it is apparent as a pale-green 
mhieral with the characteristic cleavage. In the Wild Bill mine some pale-green crystals of 
fluorite half an iiich in diameter are inclosed in magnetite. It is rather plentiful in some of the 
primary ores from the Hub mine aud was noted in ores from the Moscow mine, where it is 
intergrou-n \*'ith inuscovito. (See PI. Xlt, B, p. 97.) The mineral is undoubtedly prese-nt in 
many other localities associated with contact silicates. 

OXIDES. 

Quar(^.— Quartz, SiO„ is one of the most abundant minerals in the region and has formed 
under diverse conditions. It is an important constituent of most of the igneous rocks, being 
especially abundant in the aplitic dikes. It forms a large "chimney"-like body associated wth 
the Iv ore deposit. In this occuiTence it is in large crystals and has the general structure 
and appearance of a coarse pegmatite. In the Cactus miiie it occui-s as a ganguc mineral. In 
tUo open spaco. it is m well-formed terminated ciystiJs (PI. XT, .4) and commonly incloses 
needle-hke crystals of tourmaline (PI. XI, B). A very fine-grained chortv varietv occurs as a 
ganguc mmeral m the ores of the Carbonate mine. Quartz is a product'of the hydrothermal 
alteration of the igneous rocl^ of the region, both tho.e coimeeted ^^^th the ores and those not 
Won?inX" I "^'^ nietalliferous deposits. It has also formed us a replacement of 
■ \hef^l If r«pUccmeut vems. It is of coui^e the main constituent of the quartzitea of 
ei>l3ro^ T"T "■ '''r^'''^^' '^"^^"'^^^ ''^ "^^^^y of '^^- shales and limestoLs. It has 
dtrTct ' '"""^ ''" ^''''^'"^ ^'"*^^ ^''''''' "' ^"^*- «»■ the shale beds of the Star 
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A. SERPENTINE IN LIMESTONE, NEAR CONTACT EAST OF MICHIGAN MINE. 

P'oba'^'ly alteration dI didpsidu- The expanslcn in altcralion has fraclured tne carbonate 
grair;? and t^-.e i..-rp»nt'me 1-.ts 'illod the 'isaurci. While art-as serpentine, gray arms 
carbonate. Eol&rEed 30 o^air-utefs. 




11 INTERGROWTH OF FLUORITE AND MUSCOVITE, MOSCOW MINE. 
Li.::ht4rc^.muscoviu.,o.rk are.s fk:Orit^. Cro.std nicols. EnUr^ed iO J .amete r^. 
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Opol—The jtmorphous liwimus nxido oi siliciK opn!. is prosonl in considernble uraoiml. 
rssociiifcci with cprtuiu VoK-anio IW-s Ui tW nrcn south of (ho Squaw S|>rijio:s P.-iss. A soft 
niiiterliil composed prmcipnHy nf liydrous silicii occurs in mam- places on tiio fodtw.-iU in the 
lower Invols of the lloni SIUht luuie. When tuken from (he niixie lliis lUiiterial luuv be readilv 
cut or even nioKIod in \he hand, but after exposm-e to the air it heoonics hard. The gaugue 
miiiwil of yonu> of the oxidized silver ores iu (he Horn Sdvev mine i.s aUo ainorplious silien. 

Cuprite,— The copper oxide cuprite, Cii,,0, was collected from the Imperial and Skylai'k 
mhies. At the Skylark it owurs in small crystals, onlahedrons aud eubes, and also in (he 
capillary iviTi\ known as nhiilcotricliite. In the sjK'cimi-ns fmni this mine it is usuidi\- cloyoly 
associated with native copper. Tho specimens of red oxide from tlie Imperial mine are miisslve, 
shcw'ijig 110 (;rystal form, tiud are closely associated willi mahicliile. It is reported that cuprite 
was rather abundant iji sonu> of the rich ores from this uiiiie. The mineral is doubttess present 
ill ofher localities in the region. 

Mchcomie.- — A ratlier st)ft, earthy black nnilmnl rich in copper, colloct-od from the Sky- 
lark m-iie, is pvobabK' lu Iara;o part the copper oxide melacoiiite, CuO, ihouj^li tliero is doubtless 
sinne admLxturc of niaiigunese. Some of the black "ct^ppcr pitch" from this mine is rich in 
miin^aiieso. 

HiuwlUe,—ThG ii-oii oxide hematite (spccuhiritc, or red iron ore), T'\nOj, is wiiU'ly distrib- 
nfed hi this region. It is an important giingue iniiierid in the ore's of fho Caotu-s niiuo, beiiifj 
especitUly abundant in the upper levels. Much of it is closely nssocinted with sidcritt) mid iti 
Ike linnd specimen has the appeariuicc of bfrinp; an alteratioa product of that mineral, but on 
microscopic examination i': is seen to lie curlier than the carbonate, the crystals cxtcudiiii,' 
through those of the sidorite without regard to structural lines. (See PI. XI\', li, p. 107,) 
Much of the mhieral in the Cactus mine is slightly muf^nytic. and .■^ome of it mther stmngly so. 

Hematite and magnetite occur iu the contact zone bordering the Cactus area oi (jiuirtz 
moiizonitG. In the northern part of the Beaver I/ake district, Ln the Black Koek fjroup of 
claims, hematite occin-s in a vchi m ihv limestone near (he monzonite contact, but the extent 
of this deposit has not been disclosed. This material is sliglitly mugaetic and may be adndxod 
wiiJi magnetite, wldcli is present in considerable amounts in tlus gcuei'id Kono, 

HeunUito also occui-s in the altered volcanic rooks near the quartz monzonitc contact, 
l)eing noted u» especial abundunce in tho worldngs of tiie Frisco Contact rniiio. where in some, 
places it formed se\-eir.I per cent of (he rock. In lliis as in tiio other occurrences it is slightly 
lUiignetic. 'J'ho mijiei-al «'as soeu ut several points in the coiilnct zones of tlio Star district 
but nowhcro hi great abundance. 

Hematite is not of large commercial importance, though it Is reported that some h-on ore 
WHS shipped from the Black Rock clauns to the Frisco smelteiy to be used as ilu.\, and the 
hematite in tl:e Cactus ores is largely coUocted iu the concontiiites and thus iidses the iron 
content. 

Utnt-nitf.. — Some of '.ho lavas of the region contain small crystals of a mhieral that resem- 
bles magnetite but. on being tested with the magnet is only feebly ninguelic. Wiei-e the la\-u 
liiis suflfered hydrotherniiil ;;Ueration. as in the Beaver Luke district, this mtncnd has been 
nhcrcd whoUy or in part to rulile. It is evidently a titauiuni mineral nnd doubtless ilmcmte, 
(Fo,Ti),Oj, or some closed' nlhcd mineral. 

Magnftlte.—'rhe iron oxide magnetite, FeO.Fe.Oj, is also of widespread owmrence m 
the San Francisco j-egion. It is a primary minerrtl in all the igneous rocks and is present in 
variable amtnuits in the ureas of contact altn^ratitni throughout the region. In the Old Hickory 
mine and neighboring deposits it is the principal gauguc mineral, and in theSkylark and other 
cotitact depo.sits it occin-^ '^ considerable amount. Ju the replacement fissinc deposits it has 
hecn noted in the Harrington-Hickory, Wild Bill, end Jlub mines. 
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th« same lienor..! period of miaernli/...Uon. The m.aer.l 1ms been of oonm.oroU .mportance 
in (he Old ilickorv niiuc, where (.he. high iron ennteut has made .t possible lo mine ores that 
could not. have been profit.ablv lumdlcd for their copper ;md precious mctui vulues nlojio. 



Uvtik-Thc ox-ido of titanium, TiO„ is present in f=raaU nmoimls in many places m the 
rer^ion If Iia^ resulted from the hydrothermal nlteration ol titanitc and ihiienitc and some 
ol'^it apparendy from biotile. It whs nlso noted in qunrtxitc near the quartz mimzomte con- 
tact in the southern part of the Koeky district. It occurs mvannbly m microscopic ciystals 
aud was rec.o;<nized onJv m the microscopic study of t,he rot^ks. 

Pyrohiyu-e.— The oxide of mmiganese, MnO„, or some closely allied mineral, is present in 
small nniounfs throughout the region. The dendrites (feiTiIiko forms) tJiat arc common along 
semn« in (he limestone, especially near ore deposits, consist ol' this ninicrul. iMixcd with iron 
oxides it is present in small amounts in the gossans of many of the ore deposits, especinUv 
ui the Cactus mhic, where it has resulted from the alteration of nningonifeivus carbonate, and 
in fhe Horn Silver mine, where the originul manganiferous mineral has not been, determined. 
To a Iciiser extent it has been noted in many of the mines of the chslricl. 

HYDROTTS OXIDES. 

Diaspon.—The hych-ous oxiile of alumina, .'VI^Oa.HvOj was noted as a mhior constituent of 
the altered luvas in the Beaver Lake district. The rainornl has resulted from the alteration of 
the rock and is reeo^ni/AMl only in microscopic sections. 

Gocihilt. — A liydrous iron mineral having the o])tical properties of goetbite, Fe^Oj.MjO, was 
colleet.«d from the gossan of the Cactus mine. The mineral occurs in fijjc needle-like cygtnis 
forming a velvety lining of cavities mid closely associated with limonite. 

Manij(nv\ie.—'Y\\t hychtms oxide of manganese, Mn^Oa-IUO, is doubtless iissociated witli 
the pyrohisite and possibly with other manganese minerals in this region, but material in which 
it could be ilefinitely <letennine<i was not proeiu-ed. 

Limonile. — The hydrous oxide of iron, 2Fe,03.3lLO, is present in all parts of tlie region. 
It is the ordinary product resulting from the surface alteration of iron-bearing rninenils. In 
many of the oxidized lead lieposits it forms a large percentage of the ore. In "tlie Cactus mine 
limtniite jiseudomoi-ph, after both siderite and p\Tite, is abundant in the gossan. 

It is i-epoited that limonite ore was shipped fi'ora the Iron Devi! and other claims to the 
Frisco snieltere. The limonite content of many of the lead ores of the district adds materially 
to their value. 

Copmr pitch. — The name copjier pitcli is applied to a black amorphous substance breaking 
with a conchoidal fracture. It is usually rather soft, though varyijig in hardness. It is probably 
variable in composition, but contains considerable amounts of copjier, iron, manganese, ami 
water, T)ie mineral is present in many of the cftpper ores of the district, being especially ftot^vi 
in the Iniperial, Skylark, and Lady Bryan mines. 

CARBONATES. 

rrt7rt/e.--Calcium cflrhonate, or nah-ite, CnCO,, occurs most abundantly in tiie limestone, 
mucli of which is composed essentially of calcite, thougli in many of the beds magnesium 
becomes aji important constituent. Kear the contact with the qntirtz monzonite the limestone 
byy commonly lioen recrystallized, in some plai;es forming an attractive marble, though usually 
broken into small pieces hy joints. This is especially true of the marble of Grampian Uih. Adja- 
cent to tile ore deposits the cnlcite oceui-s locally in large crystals showui^ the characteristic 
rhombohedral cleavage. This is well sho\vn in the Cupric and neighborFng mines. In the 
oxnhzed ores of the replacement veins it forms as a Imihg of cavities ami in this mode of occur- 




..^ ...... .u..»K..u„cura.cystats. In the Caetns mine small veins composed largely 

cmbonate have formed, filhng li.ssures in the earlier carbonates. The mineral partly fiUs the 
gas cavities m many of the vesicular basalts of the district. " 
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C.ilcitc lins been depositee! from spring w=itei-s, forming \\itl. -vpsum and other sulphntw 
the gre^itm- p.irt ot sucli deposits <K't'UiTuig south of the Frisco Coulact mh.e. It is also a univer- 
sal product resiiltmg fi-om the snrfiice alteration of the i.iyieous rot-ks of the region. 

miofivUe,^Most of the limestone of the region contnins some mai?iiesium''tmci some of it 
is (listiiK'tly a dolomite, or cuk-ium-magnesium cflrboiuite. (Ca,-\rg)c63, eontainin- nesirlv as 
large a perc-^nt.-.ge of miignesium iw of cnlcium. In addition to its occurrence in the sedimentary 
rocks the mineral has also formod in ilio ^oi-ondary ores of some of the mines, cr^^tals of dolomite 
being seen in the Red Warrior mine closely associated with uidcit.c. 

^fagn(■sUe.—Smii\\ veijis of a while fine-gi-ained mineral brenkjiig mth aconclioidai fracture 
wore noted in the crystalline limestone near the coutact mth quartz monzonite iit sovertd 
locfilitiea in the region. Tliese vema were especially abundant iji White Mountain, on the west 
sido of Grampian Hill, and north and nortiiwest of Hickory in the Rocky district. They are as 
11 rule only a few inches wide and could be tracetl but a few ynr<ls rtlong tite strike. A few veins 
a foot in width occur. Under the nucroseopc the rant^a-iul is seen to bo composed of very tiuo 
ciystids too small for a determination of their optical properties. Jhiterial from a vein cutt.ing 
magnetite expose*! in u prospect northea.^t of Ifickory was ex'imiued by R, C. Wells, of the 
chemical laboratory of the Survey, who reporte<:l tlie following composition: 

Cmiiposilion of vynUrialfnun a cdn cnttiafi ma^netitf in prosjKii north of lllckorif, Utah. 

Iii?oIiibIe in HCl _ 0.27 

(AI,Fc)aO; - 18 

CuO 4. 72 

MgO 12.77 

{':0,, tilcuUUHl 5U. 71 

IljO, difference frtim i^tiiUon 1.00 

39. 65 

Thi^ composition corresponds to S'.).SO per cent magnesitc, MgC'O-,, mid 8.46 per cent culcite. 
All file veins of this material exaiiiineil were formed later than the contact alteration of the 
rocks in which the}^ occur. 

SkUrite. — The carbonate of iron, FeCOj, is a rather abundant gangue minei-al in the Cactus 
ore zone, Usually it has formed as (i vein mineral filling oi>en space's, and is one of the latest 
minerals to form in the deposit. It has the typical cleavage of the rhombohednil carbonates, 
but differe considerably in color in different parts of tiie muie. In tho lower levels it is com- 
monly liglit gray, but in the upper levels some of it is dark browni- This difference may be 
.Jiie to a i>rtrtial alteration of the mineml m the upper levels. A partial analysis by George 
Steiger of some of the light-colored niaterinL from the 700-foot level gave the composition 
sliown below: 

Partial nmlj/sU a/ earbojwixjroin im-Jmt kid nf l.'adut mim.. 
Insoluble, Al ,0„ V.O., luid TiO ^■^'^ 

Fco ...:....:. : ^^'^ 

CaO — ^'t 

M.0 ^«- 

MnO _ - ^"-^t 

SO3 ^'^ 

Tins aimlvsis shows the material to he composerl of sidcrite, riiodoclu-osite, mungan.te, and 
ealcite molecules in about the following ])roportion: Siderite .>5.ia per cent, rliodochrosite 
23.9S per cent, manganite 16.SS per cent/calcite 2 per cent, with 0.05 per cent ol "n'^y^jnte and 
0.37 per cent of otli^r impurities. The mineral probably varies somewhat m '^on^po^jtmn fiom 
placo to phvce in the mine, but the above analysis is beUeved to represent '« ^^ ^^^* ^*^^^^ 
position. It is evidently a mixed carbonate and might mor. correctly be -» "'' /^^"^^;^'" ■ 
manganese siderite. Light-bro^vB carbonate contai^iing much '^«" l^!'^^"^' "^ j^^^^^^^^^^ 
mine. In part the crystals occur as 3calenolie.lrai crystals upon winch has been deposited a 

coating of ealcite. iilentified in specimens from tJie 

nM.ckro.lU.~The carbonate of "-y^"--;^^^^^^^;' ^^ ^1' ^ i.„,>L,ant part of tho 
>Ioscow Uiiiie, though it does not ap]>ear to be abundant, n- loin.-* i 
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in.puro sianritc of the Ca.tu. miao and h probably pr...oui in carhon^tlos in othor parts of the 



rp^oii. 



SmithMmite —Vw uarhoiitilo of zinr. /.nOO,. is donbllfss urcscul ut nmny plait's in the 
re<non whore it ha3 rMult<^<l from the idti^ration of sphalerit*^. It. wa^ espeouiUy note<i in the 
(Chir-Tdiflmaii miue, where witli calanime it forms zinc ore. Specimens were collected above 
tiie Cn04ooi level in llie Horn Silver mine and from a fissure in limestone on the 7aO-fo(.Mevd, 
where it Us fonned us pseiidomori)hs after cnlcilc (PI. XXIV, A, p. 147). In liie,se paeudo- 
niorjihs the outer form of the calcitc v.rystuls is pre'served. I)ut the crystaU are hollow. Cur- 
iMaiutea of copper (azurite ami mahu-hitc) Imvo been deposited on tliese crystals in variahlc 

aini>unlfe, 

Annjonik. —Thti unlv occurrence of aragouite, Ilie ortliorhomhic carlx>nate of calcium, CaCO„ 
iwUd in tlie rei^ioii waa near the coutact of quartz nionzo:iite and linu'stonc nortli of (he Cactus 
iiiiric. The ininend occui^ in iieedle-Iikc crystals radiating from centers miA forming irregular 
masses np to a foot hi iliaincLer. From surface to center these masses are di\dded into sncc^'s- 
aivc "tiholla"one within anollior. Along the contact of these "shells'' the material will readily 
Hcpurato. The inihvidual crystals extend across one of these layei'S but ternainnte ut the contact. 
On eif.JKtr side of such u contact the crj'stals have the same general direction of oloni;;alion, so that 
(ho radial stnicture is not inlerruptetl. The. tl-iiclaiess oi the "shells" varies greatly, sorae 
hciiig ay nuicli as an inch thick without a fx^rceptible break, whereas others do not, exceed oue- 
sixlecndi of an inch. Tiie i>artiiigs are also varialjle. Some are very tlistinct to the eye ami 
the spci.'inicn readily separates alouii; them, Init others are oijscnro and the tendency to separate 
rtlon^ them is not pronounced. 

Ara{,'Onite is pn)bably present at other localities in the rei^ion. 

rVnw)f^:.^The rarbonatc of leiul (.Hand carbonate), P1)C0.,. is the most cmnmon sccondiuy 
lead niiiifial in the district. It has formed from the alteration of galena imd is nsnally mixed 
witli other sccontlury minerals, cs[)OciaUy limonite. Here and there, however, as in the Retl 
Wan-ior mine, small bodies of nearly pure cerusilc are encountered. It is a rather light gray 
material compose-d of small crystals aad can usually be readily cruslied in the hand, thougli 
liically it ocriM-s in more massive form. The presence of the lead carbonate in limonitir nrntenal 
can fre(|neut.ly !>e detected by crushing the material in the hand. If the lead mineral is present 
it will gi\e a characteristic crmiciiiiig sound that enables tliose tainilitir with the deposits to 
separate ore from waste. 

Cer\isite is one of the commercially important lead minerals of the region. It is tiic 
principal lead mineral of the oxidized ores in all the. mines except tlie Horn Silver. Besides 
its lead content it nsnally carries n considerable amount of silver. 

HYDROUS CARBONATES. 

Afiihchit*;--T\\o Ki'cen carbonate of copper, Ciu(OH),CO„ is :i common oxidation proiluct 
of copper sulpliidc in Oils region and is present in practically all the mines ctmtaiiiing co])pcr. 
It was said to have been present in consiilerable amomit ij\ some of the ores from the C) K mine, 
and it was an miportant copper niinerul bi the ores being extructed from the Lady Bryan mine 
at the tune the writer was m tlie- district, 

.•l-«W/c.— The blue carbmiato of copper, Cu,(0K),(C03)j, so far as observed, U much less 
abundant llnui inalaciute, though it was notcvl in small amount hi practicaUv all tiie muieslhat 
contain uxidizcil copper ores. 

SILICATES. 

Orthodiisf.— The potassium-aluniii\um silicate orthoclase, K VlSi,() is present in con- 
sulcvablo umonnts in m.>st of ihc i}>neons rocks of the region. It is practicldlv the oidy feldspar 
in tlie aphtie dikes ami is an unportant coiistitnent of both the quartz moijonite .uul the flow 
rocks except the basalts. It occurs in rocks adjacent to the ore deposits i.. ti»-, H.uTingtoii- 
Hickovy muie, where U has evuiemly n^uM,-^ f^>m the alteration that iius accompanied tho 
doposuam of the nre^. S^nue ortliodase in the altered rock associated with the ore^s of the 
tarbonate nunc appears to iiave resulted from the alteration of pla-ioclane 
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Phgwda.^e.~The phigioclaso feldsp.r., .lu.ninnm silicates of sodium .md c.loium 
»NiiAlSi,()."^^.'aAl2bi,Os. hiivmcc vai-n.us compositions, occur abun.Iniuly in most nf the i-noous 
rocks of the region. In iho qui.rt/. mouzonite and hitites the pl.ijcioeUise i;sually has th^ com- 
position of andcsinc. hut m tho luoro Iiasic mcks it is labnulorite or an even more biisic vj>rioty 
1,1 the southern part of the Rocky district ;dbite is present hi the quartzite near the quart:* nion- 
zonite contact and i-s probably tkie to contact alteration. 

Dwjwdc. -Oiopside, the ealciuni-ma^ncsiuni-ii-on silicate of si.mewlmt, variable composi- 
tion, is the common pyroxene in the contact zone and Ls present in i,m.,itcr or less amounts 
wherever contact alteration }ui3 been iirouonnced. At (he Old Ilickorv mine an apple-^reen 
viiriely of diopside occni-s, with the nn(ii;iictitc hi considerable abundance" Tliis mineral hrs the 
optical ]>ro{)orties of diopside but is usually i^ranular and diOVrs in :,^-ncriil apjjearance from 
(.aiit scon in «>t|jer parts t»f the 4]istrict. A partinl unalviis nf tliis matcrinl by Chtise Palmer 
gave the following residts: 

I'lrflial nimlgsis of if to pi.! fft: /mm 0!d Hkkory mine, Btmir i '<r.:„t>/, Vu,h.. 
SiOj it,. 04 

^*^0 - ItO 

lV,(>a ._ 7. .17 

^\IA - O.S0 

Tho liiiin-Tu) * uii(;iiiis- I'ltiipor m small ainunnt. The ropiier is probaMy admixed. 

This analysis Is especially notable Itn- its \\\^ wntenfc of fen-ic iron and low c^mti-iit of 
fciTous h-on. The mineral corresponds in ijenernl with the variety of tliopsido that lias been 
j^aven the name coccolite. 

Aii^ite. — The variable silicate! of calcium, ma^'iicsium, and alnniinnm, niifrite, is the common 
pyn)xeue of the igneous rocks, bein*;; an important constituent in tho quartz moniioiute. 

WoUnstonite,- — The calcium sUicate, wollastonitej CaSiOj, has been rec<ignized in but one 
locidity in the district. It occui's along joints iu the quartz moiizonitc near the limestone conflict 
north of the Cactus mine, where it is associated \^dth epidote, calcit*!. and some pyrito. Tltongli 
not hi the altered liniestoiie, it is doubtless the result of contact alterHlion. 

Tremolih. — Tlie caleium-magnesium silicate^ CaMg.,(SiO;,)<, is present iu vurvliig amoimt-s 
ill neurly all the areas of contact alteration. It is especially abundant, in thr contact zone of 
Civimipian Hill, where locally it forms a large part of the contact rock. At many points fibrous 
inassLy of tremolite, several inches U} u foot in length, can be seen, The exceptionally smooth 
slopes south\\est of the Imperial nihie have resulted from the weathering of rock composed 
largely of this mineral. It is known to the mine\-s of the region as a rook especially diflicult 
l)oth to drill and to break. (See PI. IX, A, p. S3.) 

Uornhlende. — The aluminous calcium-magncsium-iron-sodium silicate, hornblende, is an 
important constituent of most of the igneous rocks of the region. 

Ashi-M<iS. — Tlie curious leathery ma^uesian silicate, asbestos, occin-s in fractures in the dolo- 
niitic IhnejittMie of Grnnipiau Hill, being noted especielly in the Grampian tunnel and in lissuit's 
in die lunestorve on tlie seventh le\el of the Iloni Silver mine. 

(^flrHfr—Grossularite is the ealelum-alumuinm silicate, Ca^AUCSiOJ,, and andrmlitf! the cah 
fiinn-iron silicate, CrtJ*\\(8iO,)3. Garnet, composed of v.iriahlc mivtnros of tliesc molecules, is 
pvesont m varying flinou'nts hi nearly all th.e areas of contact alteration of limestone. At sonic 
points in Grampian Hill the contact rock appears to be compose.l abiost entirely of garnet 
but on nxicroscopic cxamhifition Ls s<^en to eontahi notable innounts oi other minerals. Iho 
SiUTiot iu diflFerent locftliti^^s varies notablv in composition, some of it bomg nearly pure .grossn- 
Iwite, and some having (lie undradite molecule greatly in predominance, as shown by tlie analy- 
sis of the altered rocks from Grampian Hill. Where the garnet fonns a Urge \mi of the a U^'cd 
»;'t'k it usually sliows no dofiiiito crystal form, but where it occurs m small amount scattered 
tinrough altered liniestotie woll-tlevdoped crystals ai-e common. . ■ i 

WiW/i^.^The mugnesium silieat<^ olivme, (Mg,Fe),SiO,. oecnr. as «n important original 
wnstituent of the basaltic flows of the region. . , . , . 

Vemvxanxi,.~~T\x>, hv<h-<>us calcium-alun.mnm-iron silicate, ^'^"^''^"'^"' /^'Y '; 7 L. In 
^1k,0„ ?, h,s restated from"' the contact alteration of the limestone. U l. es,>ee.ally ahu.ulant 
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the contiict zone of Grampian Hill, wl.ore in some pl.c.s it forms n considonible percent.!^, of 
21 rock. The. nii.ionil does not usuaUy possess good m'stal oi.tUae .md is recognized only in 

tlie microscopic study of the rock. ■ n 

Zirm— 'l'h(^ ^iiicfltp of zirconium, ZrSlO^, is present in small .imounts as an iicces.sor}- 
minoml in tUo igneous rocks of the district. It is rather abundant in tho sUicified rock usaociatfri 
with the ores ..f the Horn Silver mine. k i .1 - m i.-.. 

Aii^lalmit^..— i:\ie: aluminum sUicate, nndnlusite, Al^biOs. occiira abumlmitly in the highly 
altnred laviis of the Ee;iver Lake district. It appeai-s to linre formed where the removal of the 
bases sodium, potitssium, uiul calcium had progressed to a stage in wiiich they were not present 
in sufHcient amounts lo con-ihinc with alnmijirt iind silica. So far as the \mter is uwiire thus 
mineral has not been before described us resulting; frum the hydnitliermal alteration of Invns, 
itsoeciHToncea being enufiiied to pegmatite veins and to areas of contact motiimorphism and »f 
re'donjil metftinoi-idiism, where it is believed to have formed under conditions of considerable 
he'i^it and pressure. The presence of andalusito in this region indicates that the alteration of 
thn lavus which has resulted in i^s formation has lioen effected at higher U-mpcrnlnros and per- 
haps undiM- greater pressure than is c^)mmon m such alleration. The formation of andidusitu 
Ls n\nre fully (liscussed in the aection on the ultenition of tlie lavas (p. 7S). 

/i;);(/o^;.— Kptdote, a complex hydrouji silicate of calcium, iron, and nhimiiuun. is proBPut 
in snuiU amounts in the district. It occars in the artws of contact alteration, nut is not an 
iiaporliint. contact ininend in the district. It is also present iti small amouiita in t-ho ftltei-ed 
igneous roelcs, 

Cirhmine. — ^The most abundant occurrence of calamine, the hydrous sUicate of zinc, 
HjI^iiuSiO^, observed in this regioi\ wtis. at the Cedur-Talisman muio, where \nth ainitl\sonitc it 
forms (he oxidized zinc ores. It has been recognized in specimens from the lower part of the 
oNidized zone of the Horn Silver mine, but the extent of its occurronce in this mine is iittt luiown. 

Cahinune ia probably present us a product of the altemtioii of aphaleritc in other niiaes of 
the district. 

Tonrmalliu. — Tounrialuie, a complex borosilicate usually containing u'on, raagupsium, 
and enlrium, and in many phiccs other element.s, is an abundant gaiigne miners\l in thc- 
Ciiclns mine. For the moyt part it has formed us a filling of open spaces i)etweou the brecciii 
fragments, but it is present to a slight extent in the altered quartz monzonite. Its ordiiinry 
occuireace Is us tufts of !ini^ needle-like ciystals radiating from ceiitei-s. Locally these ine 
included in the later minerals. 

In the har.d specimen the mineral is dark hvo\\i\ or almost black in color. L'nder the 
raicroseope it shows pleochroism from dark bro^^Ti to a veiy dark blue. It has a density between 
3.1s and 3.1!-), which corresj>fmds to an hon tourmaline containing but little umgnesium. Tour- 
maline oex-urs in close association \\'ith uji ai)litic dike in the quartz uionzonite of Black Mouu- 
tain soutii of the Cactus mine. 

It vn.s noted In microscopic ciystals from the IC mine and is present in the intrusive roi'k 
near the Uniestone contact in a i)rospcct north of Ilickoiy in the Rockj' Uange. 

Mnmwitc.-'rhc potassium mica raiisoovite, a hydrous potassinm-alummum silicate 
lI,K.\l,(SiO,)3, Ls pi-esent in varialilo amounts in the cuitact zones of tlio district. It is a light- 
■ gi-een variety and oeeiti^ in ciystids varying from raicro3Coi)ic size up to 2 inches in diamct.u-. 
Ihe larger co^t-als were noted in gi-eatest abundance near the quartz monzonite contact at 
mut.| .Mountain, w.-it of Grampian Ilill, and in the Wcinitv of the Cnpric mii^e. It Ls present in 
c.onsulerab:e anmnnts m the c.)ntact zone hi the northern part of the Beaver Lake district and 
ni the Koeky distrust nu,-th of llickoiy. TIk. fine scaly or fibrous varietv sericitc is ahvav^ 
present m the hydro thermally altered rock of the district. It occults hi" the ulte.red qunr'l/. 
monzomte assocuiteJ wttn the copper deposits and is also a principal constituent of the alt..rcd 
lavas, both where they are a^ociated ^^ith the ore deposits and in th.. larger areas that arc 
appai^nlly not camecfed ^vith important miner al iz« 1 ior. it is present to some extent in the 

dita^:;:;; d!;:r m. ^;!^:;. ';^' '^"^" -^-■^'^'^^' - ^^- ^^--- --- ^^^-^ - ^^ -- 
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^'^?-^n "^-''^ '"'''• 'T''^'' • ''''"''' "^ l-t-su.m, .UH^uesiun., iron, and nluminum, 
Al>Mg.KFeHS40,,. is an .)nj,'inal consUturnt oi ni.wsL of tlio uruoous rooks of fho distriH It is 
possibly a^ccomlary nuiicrul m -lie rtlt.M'od ruck «s3<)cmted will, the oreis of tiip Carhoiuito mine 
'Hio priiiiaiy l.iotito lu the mck H^snoiaicd witli tills deposit has undoi-ouo sli-du alteration «nd 
serac of the biotite api)e»rs to luivr l)t'cti a proiiuct of tiie secondary altoratLn 

A miciL thrtt iippeai-s In l.o iiUormcdiute biUwcon hiotite and i>ldogopite i./prrsont in cou- 
sidenddc aiuoimt m a pn.s|)Oet pit norlUenst, of Hickory. It Ls associated with nvKMictito in 



gnesmm- 
hly provy to 



tlio wine ol* c'oiitat:t alteration. 

C!ihnU:.—Vm\vv the term chlorite, which is a|>plied eo ft ^-oup of hyiljous ma- 

iduniitinm siliciites of variulde ct)mposition, ai-e inchided here what wouUl i):ohahly ] 

be several differeuL moniboi-s of the eldorite -rroiu) if nrnterial suitable f<. Iheh- aceun.to d'eior- 
niumtion were avaUable. Chlorite is a uomtnon product of the ttlu-rtilion of the forroniai^nesian 
minerals of the igneous rocks. It is present in variable l)nt small nnunnits in t!io contn*.!! alttu-- 
;itt(.n z<»no. It occult in consideiable quantity in the altered rock associated with the ores of 
the Carbonate mhie and h also abundau*. in the ores from Llie Hub mine and is present in lesser 
nmounts in other ores. 

Serpt.ntine.—'Tho hydrous n^aofnosiiim silicate, serpentine. n^MggSijO,, is present in many 
parts of the region wheni it. lias resulted fioni the alteration of nni^nesiaii minor«ls. A par- 
Liculurly iut-ercsting occurrence is in the contact zone of Grampian Ifill. Some of ihn rock that 
on superP.cial exannnalioii appeai-s to i>e lU'urly pure wiiiio crystallir.e Unicslone is seen on 
microscopic examination to contain n large percentage of a wliite (il)rinis minenil with the optical 
properties of serpentine. Tliis mineral appears to luive resulted from the alteratii>n of s<inie 
maj^nesium silicate; the inereiwe in bulk of the mineral duo to hydration has s])lit. t.he caleito 
grains inelosinj^ the original cr^'stals and the serpentine has iieen forced into these fractures 
(PL XII. .4, p. 97). 

Kaolinite. — The hydrous ahiniimirn silicnto, kaoiinite (kaoUn), IIjAl.,Sl,(\, is common 
tlironghont the region, resulting from the alteration of aluminous minerals by surface solutions. 
It is also abundant in tho altered rock associated with the ores of t!ie Carbonate mine, whero it 
has apparently resulted from the action of the solutions that produced tlio ore deposits. 

'niaumafnU'. — ITie rare and uniisnal mineral thaumasite, a hydrous silicate, sid})hate, and 
carbonate of calcium, 3CaO.SiO..S03.CO,.l5l-UO, hiis been ropor'.ed from hut few localities in 
tlie world. It was first described in 1S7S by Baron von Nordeiiskiold from material collected 
at the copper mines of .■Vj'cskiita, .Tcmlland, Sweden. vSineo then it lias been noted at other 
localities in Sweden, and in ISQ6 it was described by S. L. Peufiold and «T. If. Pratt, from mate- 
rial obtiduud at, Berger's quarr>", West Patvi-soti. N. J., and it also occurs in other localities in 
that State. The N'ew Jersey localities are the only ones where it ]iad Ixion noted outside of 
Sweden previous to its discovery in Beaver County, Utiih.^ lu tliis district it was coll<'ete<l 
from but one locality, the Old Ifickoiy mine, \vherc it is present in considerable jmiount on the 
first level. On this level the magnetite body Inis bet^n opened for about 125 feet along the strike. 
To the east. 10 to 2o feet from the magnetite body, a parallel drift has la-on run in the alicred 
hmcstone. A hnnurod feet south of the shaft a crosscut from this drift extends to the vast for 
about 25 feel, to a point where it encounters (iiiftrtxite. Throughout tliiseastern drift and cross- 
cut are a great number of veins of wliile material varying in thiekncj^s from that of paper Lo 
uiore thati 2 inches. To the north of the ertuacut many of the veins are open with crystals 
projecLing into the opening and others arc composed of a dense white suUtauce comi>lotely 
filling tlio space. The material from these veins proved on e.Kiiimnation to bo a uuxture of 
quart^^ and ou-bonate, thobitter probably in large part caicite. la the east crosscut just east 
of the drift and extending across tlie drift to a crosscut on the opposite side is a zone of veins 
li'ivmg a general nortbeast-southw.^t direction, though the individual vcms vary in du-cition 
imd are connected by cross veins, making a network. Th«*c veins aix. composed of tiiamr.as.te 
<'ompletely tilling the fissures. „_ 
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Th.' fissurin.^ occm-ml I^itor fhiui thu roiidu-t inntumor).hisrn of fhc limestone, ;ind Ibn filling 
of the n^.uros ^vTth thaumfisito of coui^o omirrod al a still liitor ponocl. The thaiiniHsite ^us 
not found iisso<-iuLod with the quart/, and curhonates in tho. samo veins, anrl t}ie relative ugeof 
!h.' minerals was not dotorminod. At Woat Putorson, i\. J., the (hanmatiite iS in trap a..;soeiated 
with heulundite, apophyllite, lauinontite, po(^toliti., chabazite, seolce.to, and natrolit^, the 
tluiumasito eiTsdOiii^ing later than the zeolites. No zeolites were fonad assoen. ted with the 
tiiauiniisite at^he Old Hiekon' niint^ though they were e^spec-iaUy looked for. It st'ems prob- 
able, however, that tlie niinoral \va,s fornied under physical conditions similar to those favorable 

to (he formation of zeolites. 

In the. hand specimen the lliaiimasite from Beaver County is a nearly pvn-e white mineral 
with silky luster, due to it-s fibrous rjinraeter. It is readily recognized in the field iw an unusual 
mineral bv its t^ilky luster and its lightness, the speeifie gravity being 1.84. V'uder the niicro- 
seti])t! it is s(x']i to he composed of minute slender prisms, none of whieli showed Icrniintil fac«, 
MitToscopieally tiiaumasite is most readily distinguished by its low index of refraction and 
nithi^r high double refraction— w= 1.507, £-1.468, as determined by L-^vy and Lacroix. The 
iiidtwes of refraction for the. Beaver County mineral were approximately ^letermincd by immer- 
sion in solutions of known index, as w = l. 500-;-, ;= 1, 404 + . The mineral extinguishes parallel 
to the elongation of the prisms and is probably hexagonal, as it has been found to be in the 
occurrences previously described. OystJils suitable for measurenient and exact determination 
<tf the refractive indexes were not foimd. 

Material was submitted to W. T. Schallcr for chemical investigation, the result of which is 
given below. 

A (leleni)i!U'.li(ui ni llui lioniiity uf the thaumi^ito by niwni'? yf the July b^-lancfl giiva the value 1.8-1. A scei^iid del«T- 
niifirtliiiii with tiif Tb[mlut p:j|'Llifi!i and Hina.ll frigmeiil.>! uf Ihc miniT.il gave; ^h'?- vsiliie l.S.j, Thp.-* figurea !»ro sliphtly 
liiwiT than ihnvo found by Pcnlicld (l.8ts) on the New Jeiwy Ihixraaflite. Th': analysi.H ot Ihe Uuih lhi;uuitii!it« anJ 
tho ralitm dt'ducdSl 1h«Tefn>m »n_' i^owii below. 

Aanly.tJ.1 nnd mHr:-s of llmumninU- Jrnrn. Rcmrr Cmmltf-, UUth. 
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The raiina rrtw* v^ry ck^ely wi(h the e.^ahlwhetl fornm!^ SCaO.SiO, SO-.COa.laHjO, ontj tho mincpal is vtry 
puip^ only a inu-a of atimt? ftiroiKii inatlf-r, pa.bably a silif-aU', b^MiiK present 

A cenii.an«.ii of th.i un;;]y¥*'s oi (ho iinwnil from U"t?.h, friMii Xe^v Uv^t-^, and froui Sweden (Ihe iiverj-<' "^f 'he 
ihnir oritnn.l uiia)y«.. ^vcn hy Limb^t^ni) t<irikir^'ly .•^huws the uniform ,T,mposiiion oi ihis nire mineral. 
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A biI)!icf,Taphy of ihuiii[i:i-«iio U jriviMi lif line, 
F'AtrKSTKiiM, 11-. lii'-'I. Kur. Ft.ili,, vol 19, iwi7, p. 3U7 

BuntR, B. S., and ycHALi.i;i:. W . T., Am. Jour. S*-\., -Jth scr., v<il. SI, lyn ,. ]■•[ 

roBBx, E . J«hrl>. Miuorul, V..I. 2, iSSl, )). :.'2. 

hwttoix, A ., Ikol. Fur Jorli , vo!. 9, iKsr. ». A'.. 

i.iiw, A. iM., :in»l Lackoix, A.. MiiiOral^fL'k* 0<*,s roflicx, IS?S, p. 'IfHi. 

l.ijrUKTR«>M. G , <Miy. Akml SUhIiIioIih, vhI, H.'i, ,\o, 9, lJi7,if p. ^3_ 

.Nof:Di:xsKiOLn, A. E.. tV.M.pl. Kr:*.l . vul S7. IS7S, p, aKi; Geol. Pflr. I'orh.. v.)|, o, l.SSO, p :>rO- v..l 8 l^Sli i. 140 

Pknueld, 8. J.., ami Pkah, J. II., Atn. Jour, ^'i-i., -Jtli sen, vol. 1, ism;, ii -I'lU ' • ^- > i ■ 

Pt^ANi, K., Bui'. Soc Blin, v»»). m, ISSe, p. S5. 

PcHAt-l-EH, W. T., Bull. U. S, Geal Survey Xo. .XI9, ]912, p. JIO. 

\\ii>M.^s, O., Cer.I. Fdr. ri'irh.. vol. 1?, ISOd. p, 20. 

Za-mhonim, F.. Mem. Accad. wi. Xapdli, vol. i J, HKK, p. n. 

Ciiri/Hoeo'Ua.- -The Jiydrdns sijicato of copper, chrys^irolU. (:iiSiO,.2l],0, occms iis n .'^c^eondiiry 
K-r miiienU ill tho Uum Silvt^r, K, and Skylark mines and is dcnblles.-^ i)rcso,iit at ..tlicr 
Iticidilios. So t'tti- us observed it is nowhere in the region an importnnt ore ol* copjicr. 
JViam/^.— Theealciutn-tituniiiinsilicatL^fitHtuteCsplu^ne),(^iTiSiO,Jsan(>ri^nnalco 
of the quartz monzonites and to a leas degree of the other iijneoijs rocks of ! he region. In the 
quarta monzonite of the Cactus area it is relatively abundant and can Iw reaililv detected with 
the hund lens rts small yellowish grains ha\-ing n greasy hi.sler. In the ahered rock associated 
with the ores the titanite luis been largely altered to rntile. Titanite oceui-s also in the altered 
limestone of tJie IIiirrin^ton-lHckory mine, associated with tlie ores, 

PHOSPHATES, ARSENATES, VANADATES, AND AKTmONlTES, 

ApailU. — I'^luor-calcium phosphate, apatite, (C'rtF)Ciij(POj)j, is present in small amount 
ill pnietically all the igneous :H)cks of tlie region. It is rather id>unchint in the contact ores of 
tlie Old Hickory mine and the altered rock associated with the ores of the Harrini^fori-Jlickory 
mine and is found to a less extent in some other ore deposits. 

F«7>a<^?io.ii(?.— Specinieus of oxidized ore from the Uarrington-Hickory mine contain yellow vel- 
vety incrustations that under the niinroscope arc seen to be hexagtiual j)risnis with pyramidal tor- 
iiiinutions. Thocry.stidsarci;r<*lti«-iyt'lli>\vii;sseenbytJ*nusnuUediigli(.. They could no the readily 
separated from the acconip«nying minerals, but tests of sueh hs could be separated showed the 
presence of vanadium, and the mineral is doubtless viinadinite, lead vanadate, (PhCl)Pb,(V()^);,. 

Scoro<lUc.~An ohvc-grcen mineral occurs as ijicrustAtions in ciLvities in specimms from the 
Wild Bill uiine. This maferial was submitted to W. T. Schalle-r for oxfnmnatit»n and found to 
1>C «u iron arseuale, probiddy scorodite, FeAsO^.SlLO. Sojrodite is reported in Dana's "System 
yf mineralogy'* as occun-ing in tiie Horn Silver mine of L'tab.' 

Bim}]iem.if.e.~-A dirty-wkito oxidivtioti prodnct k associated with some i>{ tlio primary Icud- 
rmtimony mineral of the Horn Silver nunc. Tins contains both :cad and nntimony ami in 
doubtless bintihoiniito or some closely allied nunend. 

Cofllte.—A light yollowisli-green mineral that has the properties of a.rkitc, a hydrous 
phosphate ami sulpiiate of lead and iron, was coUected from tlie U.irriii^jnon-llickory and Wild 
Bill mines. So far as is known to the WTitcr, this is the only locality on tlii.s continent fi-ora 
wliich tliis minoral has been reported. 

In both the mines mentioned the original ores wcvo n rei>hiccment of Imiostor..-. near the 
ililrusive rock and eonsi.lcr«ble quantities of a]>arife and eoutuct siheates were form.-d ^^^th the 
metaflie sulphlde.s, maiidv pvrlfe, galena, sphalerite, and chalcopynte. Tho cork.te is a sec- 
ondary mineral ^suiting frori the alteration of tiie.se ores, tiie phosphate doubtless being derived 
from the apatite and the metallic content iVom the .sulpliidcs. 
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havo tho general appeanu-cc of beins a co.nl>inatmn of llio cubo .nd <>c t.iicaroa. They ero 
rathor strongly birifringent, however, and are probably hexagonul riionibohedrul. Th^ index 
of refraction is higher than 1.74. ' , , ^ j ^i - ttt n^ o i i. 

J.[uterial was submitted to the chemical laboratory of toe Survey, and on this W. T . fechalW 

iriodc the foUow-iiig report: 

C'orkiW i^ rcadilv i^olublc in boiling livdn-cliinri.: acid and iV.tu the solutini. lead rblorite teparates nut in quantity 
on cwiliu- The solution contain^ l)e.'.i(ie9 lend, abundant fenir iron ;md the sulphate and pho«pIiate radicles. Quali- 
tafive tt^'tfl faik-d to yho^^■ the prwcrice (if any ai^oiiic in ihe American corkitc, and only a mere Ira^e o: copper i*- 
pr&ienl. Heated in ^ closed Itibe the mineral darken.', and pivei off water. 

SULPHATES. 

Barile.—Q&mim sulphate, BaSO,, is an important ^ninrriio mineral in some of tbe silver oros 
of the Morn Silver mine and in present in varyin}:r amoimta in practically all the ore^i from this 
mine. It occurs in relatively small amounts in tlic Cactus mine, but is reported to have been 
nitlier abundant in the shoots of rich ehalcopynte ore. Specimens of ore from the Golden Reef 
mine examined microscopically contain considerable barite, but it was not seen in larjie crystal 
or niasw'H from that niiao. It is probably present in small amounts in other parts of the region. 

Art^lmte.—'Yhe sulphate of lead, anglesito, PbSO,, was the most important load mineral of 
theoxidizedoresof the Horn Silver mine. As shown by the analyses in Hooker's report (p. 147)^ 
it formed about 7.5 ]>er cent of the ore in th^ upper levels of the mine. As a rule it occurs as a 
soft earthy material, but in some plaeea^ especially where it suri-ounds unaltered rjalena, it is 
rtither hard and massive. ■ Anglesite waa noted in the ores of the Harrington-Hickory mine in 
wcU-fonned crystals and is doubtless present in small amount in all the oxidized lead ores of the 
region, th(High the carbonate is the principal secondary lead mineral in the deposits in Umfwtone, 

Anhydrite-. — Calcium suli)hate, auhydi-ite, CaSO<, occui-s in considerable abundance in the 
ores of the Cactus mine, where it was one of the latest minerals to bo formed. In the upper 
levels and in part thi-oughout the mine it has been altered to gypsum (Pis. XIII, XIV, A) and 
])roIial>ly a considerable part of the g3'^)sum in tlio mine has resulted from this alteration. The 
mineral very readily hydrates to gy|>sum, as is well shown by material on the dump which, 
though t^xpoawl to tho wcnlher but a few years, has been largely altered to a wliiro fine-gi'aiaed 
gyjwtum, This occurrence of anhydrite as a gangue mineral of ore dei>osits was the first reported 
in this conntry.' It has sincv^ been reported from the Bully Hill district, Shasta County, Cal.= 

Tbe occurTLince and relation of the anhydrite to ibo other minerals are more fully discussed 
in tho section on ore deposits (pp. 120-121). 

Brochdntif^.—The, basic eojipor sulphate, brochantite, Cu^ (011)8804. wns found in the 
s]>ec.imens of oxidixed ore from the Horn Sih'cr mine. There was no opjiortunity to study ore 
of thtset^iss in the mine, but so far as can 1)0 jud^jed from the study of specimens taken from the 
dump broehantitc was fully us abundant in it n.s nuilachite. The minoral coiiunonly occin*s in 
short prisms of a rather de^^i emerald-green color, the more i)erfoct crystals forming in open 
spaces, but the more irmsslve material does not show crystal outline. Broehantitc is asso- 
ciated wilh malachite., cluTsocolla, boaverite, and other secondary lead-copper minerals. It is 
nor gminrally recognized as an important cupjier mineral, thouirli Lindtrren '' lias called attention 
to itA relative abundance in the Morenci district of Arizona and suirgasted that a morj careful 
study of the supposed malachite would show much of it to be tlie sidphate rather than the 
carbonate. 

LinariU-.—A beautiful azure-blue mineral oceura as an incrustation on cavities in n speci- 
men of oxidized ore collected fn.m the dump of the Hem Silver mine. The mineral is a sulphate 
of copper and lead and doubtless is lim.rlle (basic lend-eoppcr sulphate, PbCu(On.)SO,) or 
some closely allied spee.es. It is not known how abundant the mineral was in the ores. 
^n ITi^ Tlio hydrous sulphate of copper, lead, and iron, beaverite, CuO.Pl>O.FeA- 
gU^,0.^was^^nbcd Mrom mat e rial obtain ed at the Horn Silver mijie. It is rather 
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«buiul»nt in Mie secondnrr mincrnis on the old cluitips ,md must Jtnvc been of TOusidernble 
jmixirlaiK.e. ui the oxidized ores ol' (he mint'. 

Tiic mineral is a cniuuy-yellou- ciirlliy-Ioolviiis material conmioTih- mixed with ofhcr socon.l 
an- lead and copper mmt:,rals but lound liere nad there in smuU masses that appear to be oom- 
po-sed of a single mmoral. Suoh mtiascs iirc easily crushed iu tlic fiiigci^. L'nder the hi-h 
power of the microscope the, m.U<^rini is seen to be crystallized iu distinct, hexagonal pktes 
Theso arc too small for accurate measurement, of the crystal angles or doterminatiouof tiieoptieul 
chanicter. The retractive iudox of the light ra>- \nbrating pcrj>eudicular to tho plates is 
)ipproxin:iately 1,80. 

Almost every crystal conlaius n miiiute inclusion whose chanictcr lias not boon determined. 
The materiiil analyzed appenrcd under the microscope to be very pure except for tlieso iaclxj- 
sioiis, and it is possible that the silica that appeal^ in the (\iiulysis is due to them. Tho muioral 
was submitted to the chemical hiborat^ry of tho SuiTcy for Luvestigutioii and W. T. Schaller 
reports as follows: 

The mineral w soluble in boiling )ty<lroohl<iiic arid, leavinsj the insoluble matter, chiefly silit-a, liphiiid. On 
cooling, It'^a fhloricJo t^epanvte^ out in niiiHirlor;U)le nmomit. The loud reaction aui iiNu rpiidity beohtainod with s.Miium 
carbonate on charcoal. Oi: iiddinr; iinuuotiiu in cxce-r^ to the hydniehloric acid siilminn. the ferric iron i^ thrown down 
ari a volnnnnoua brown precipit;itt\ and tlie wjliilion haa the dcejj-blue cubr indir^nivc i>f t-opper. By rho quantjlalive 
determiiiiUion the presence oi :i siniill amoLinl <,.( ahimiiuL wjut t^sUblinlied. Tho iijsolulde iiiallcr cunHi.ti.-. im^[ly of 
^■■ilic.i, only ?- ("light residue roniainin^,' utter trcatniont vi\\)\ hydroflmirU^ acid. 

The uvcrafie o[ ihe rp^ull:? of tin.' chemical aiialvf^f? iy ,-liowii in the table beluw. Tlif lalinn olitaiiied ihc-ri-ln.ni 
aw also gi\'cn. 

Anali/sis luid ratios uj Uanrih. 



Kiirnir>Ui. 



CmO 

]'bO 

.\1,0,.... 

SOi 

11,0 




The ratiiui ugree w<'M with the fonnnla CaO.PbO.FejOj.^SOj.-llLO, in which l-he nipt>er and Icqid are assumod to 
be pn?f!(.Mit in equal moleculax amnuntji and in ivhich a little lorric iron is reijluced by idurniiui, \st the nilio o( Fe^Oj 
to AUOj is ■\i> 31, the fominlacao be written inovc exa<'tly ;ks ■ICuO.irbO.iU-VMOj.AKOs.SSOa.fiiUjO. A compftrij^on o( 
the nnalj-aia reduced t<> 100 per rent after de;iiirtins the in^tilnble niaiter, wiih the vaJtu-s ralciitiitcd fl)r the fommltt. 
Ia!-.t^(iven. iMKhowii below. 

Compfrrimn n/atialysis ofheiTxrite wl*h ailcaUitcd ralwa. 



CuO.. 
PbO.. 

BO... 




KXIM 



The \\-arer is ull con«uuaio,i;i!, sus none «-us driven of/ below 2.30«. The actual result* obtained nre n^ f»lluw«; 

Lois of irnght o/ Ixa-ccrU-: on heuHng. 
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Thelo«»at,V%^a.gmo05hiJ.he.rfM^thot^^cviIlu^^^«aIinl.af^h^^ 
ro.mlc whirh aL.-ul'enMllv dropped iulo the rruciljle. , , , . .■ .. j 

No kuown n,im.Tiil could be foiled v^-ith whirh bc.verite .eem. r.Iale.:. .o thai r,t prc..m ii mu«t«Uiad a«aniK.Iatcd 
nii-nibfrro/ the sulphate group. 

Gupsuin -Gypsum, tho hy<lroiis sulpliate ol calcium, C':iSO,.-JlI,0, is of witlespreod 
.riiiTence m tlioVef^io]!. It is prp-;pnt iji considerable umomU us a i;anj:ne. mmoral m the Cactus 
..iiiK- wlierc It. hiu^ probably in large part resultctl from the- nllorrttioii i>{ aiihj.lrite. It is also 
pre-Jnt us sim.ll veins u.it^iile nf Llio orr zi.up. It is rather plontiiul in p;iiis oi the Horn Silver 
mine aiul in (lie wall rof-k utljaocMit to the deposit ant! also occurs in tlie altered \'oKunic rocks 
Rfc<-wlu>re in the re-rion, being not«d especidly at the Frist-o Contact niinp. Gypsum occurs 
in flssurcH in the limestone in many phu'cs, wlierc it has api>arent.ly i'eyult('<I Irom the iiction of 
sulphuric acid ]>ri>duc.ed by the oxidation ol sulphides on limestone. The inincrtd is now beuig 
(lep<xsit<'(l from sprui<( waters south (tl the Frisco Contact mine, ami the spring ileposits contniu 
iilso culcite, cpsomite, and probably other Iiydrous sulphates. 

KpsomiU-.—ThQ- hydrous mii^nesium hulplialc, epsoniite, M-^SO^.TtLO, occurs as a white 
effloi-esceiue on the walls of a short tunnel lliat hii-s been excavated in tile spring deposits south 
of the Frisco Contact mine, tt is evidently present in considerable quantity in these deposits, 
which consist ]>riiieipally of jx^'psum and calcite. 

On^ihr'iie. — The hydrous zinc sulphate, goshirite, ZnSO^.TH.O, is present as a white effloros- 
c«JK« on the walls of old workings nearly ever^'Avlicre in the lower levels of tlie Horn Silver 
mine and wius found in cojisiderable abundance on the eleventh level, the lowest, one c.x'umine<i. 
On the walls of some oi the openings in zinc ore it is very abundant, hanj:ing in beautiful festiioiis 
several inches in length. The zinc sulphate has resulted from the oxidation of zinc sulphide 
and. being very sulublc, is carried in solution till it emerges into openiiig>i, whoro the wiiter 
eyti[M)rfttes and the mineral is deposited. It is doubtless present in other jnu'ts of the region 
where zinc ores are in process of oxidation. 

Chnlcantliite. — The hydrous copper sulphate, chalcauthite, CuSO^.-SH^O, occurs as an 
efflore^icence on the walls *)f old workings in tlic Horn Silvt-r and O K mines. At some points 
these, workings present a velvety-blue appejirancc fiom the presence of the mineral. It <)ccurs 
on all the lower levels of the Horn Silver mine, being abundant on the eleventli level, the lowest 
examined. In the K mijie it Dccurs on the 400-foot level, which is the lowest that hiV' been 
Oi>eJicd. The mineral has formed from the alteration of copper snlphiden and is carried in 
Bohition till the. waters emerge into openings and are partly evaporated, when the copper sulphate 
is precipitated. 

Alitnitc.—The hydrous potassium-ulumiinnn sulphate, alunitc, ICAJjS.^Oh.^HjO, is present as 
a riither pcrf-istcnt band idong the iootwa.U of 1 he ore body on tlie upper levels of the Horn Silver 
mine. In the <leopor levels this gives place to an amorphous material composed largely of silicft. 
The alumte is a white eartliy materinl of so fine texture that even when it is ground bet.ween 
the leetholmost no grit cm be dotectwi. Under tlie high power of the nucroscope it siiows no 
cryslnlline chai-acter. It hns probably resulted from the action of sulphuric acid derived from 
the oxidation of sulphides on pota-isium-nluminum silicates. It has evidently been transported 
for some distaiic^from the jmsition of the rtilicatcs from whicli it wi.s formed and for some reason 
not readily apparent has been deposited on the footwull .igainst the limestone, 

JarosUe.—Thii hytlrous |>otassium-iron sulphate, jarosite, KKe3S.O„.;3H,0, was noted in 
several of the mmes of the district. It is one of tlie nmier.ds resulting irom thi oxhlation of the 
sulphide ores. Some of the most beautiful specimens of it were collected in the Wild Bill mine. 
J«rosite IS tt goMeu-yellow miciceous material which crushes readily in the flngc-s and sticks 

^Pv !; 'IT 1 ! *^"^'^'^'^V:^ ^''*''"*'- ^"^'^^ '^'' microscope it is seen to be composed of small 
hexagonal plates of a golden-yellow color. The cry.t.ds arc uniaxial and optically negative, 

l^-lv^dl ed I^^^^^^ ^ ^'"f*/ P*^>'"^'^^ P^-^i^^^^^^^ ^he mineral closelv resembles the 

color but othen\-ise resembles that described 

severlTof tL^^tx-i;;? ^?^ ^^<>^^^^^^\<^^^rihe<\ a« a mincrd in ore deposits, but it was noted in 
se^e^al of the 0Mdu.H] deposits ,k this region and lias sin.c been sL by tlio writer in other 



U. S. GEOLOGICAL £U=?VEY 




PflOFESSIONAL PAFEFl SO PLATE XV 



A. PLUMBOJAROSITE, MOSCOW MINE. 
Enlarged "VS dinrolors 




MIXERALOtn ur LHE SAX KRA^CCiSL'O BEOIOS. 



109 



districts in Utah, There ^ep.ni.s little .imibt that it is *:immimiiy formed in the oxi.lmio.i «f 
.sulpliivtt'^ iimler the con«litioi\s prevnilhij; in litis rci^iou. 

Plumioj<i)'')Site.—Vvi<v\oUA (<» the aoscri(ni(Hi of pUimb..i,..rosito, (ho livdj-ous ieud-irou 
siilpimtc, ?b0.3fe303.4303.6rr,0, from this rL'','ion ' only iwo ocfuvrciici^s of' the miiierat luul 
been dcsfrilx'd— at Cooks Peak, X. Mf\.,= mul at xVnierionn Fork, UtHh =— idthougli i\uA mineral 
Wiis probably unalyzf-d yearn Ijofore by Dr. ITiiUO.nui.l from material collected from i\n^ oxidized 
oresori.emlviilcCido,, the anulyjiosshowmg the loUowinjirctminositiuu: Fe,0,-H40 PbO I!> 50 
SOa 1^5.07, H,0 8.90.* 

j\s this mineral has been so nii-ely noted, it \v;i.s a matter of some surprise to find it in no lo?^i 
than five m'mcs and o!io prospect in the San Frantisco region, in sonuMjf them iu sm-h iilnindani-e 
that a consideniblo (piantity could be picked fi-om the ore biiia and diunjw. Tho writer wa.s 
told by one superintendent that several tons of rhe minernl Iwul been thrown on the dump and 
later on, beinf? found to couttiln nietat vidues, had been shipped to the suieUei'. 

Phnnbojiirosite has boiMi determined fix>m the Horn Silver, Hub, ihiaeow, Red Warrior. 
and Harrinj^ton-Hickory mines, ;ind an unuatued prospect pit, and piob;i»|y is present in .still 
othois. Tlie mineral is secundnry, resulting from the alteration of ova eompnsed imiiuly of sul- 
phides of iron, lead, copper, and zinc. The secouihuy minerals for the most part are flip o.^ides. 
sulphates, carbonates, and silicate.^ of these mefals, and with these are pluud)ojar':)site. jarnsite. 
and other minends in varyin;;; iiniounts. It i.s of intercut to note ihut the Horn Silver mine \v:is 
found to contain three members of the jamsite ^oup jarosite, phun1h)jaro.site, and uiuniuv 

. As seen in the hand specimen, the nuitertal is dark brown in cotm* and distincily nnciiccous in 
appenntnco, \vith a silky luster. Where the crystals are very fine llie miciu-eous character is 
less pronounced and the mineral, if not examined with .some earc. might be mistaken for linumito 
or some iron-stained materiul. .Uthouj^h nnwli of the plumhojitrosite ts in ritther lar^e pieces oja 
it comes irom the mine, it is reiuUly cni.sheil in the rmj^ers and has an nily Ittok and feel, like 
line i!;i.'aphite. I'nder the microscope the c.rys.tftl.s tire seen to \)v thin hexagonal plates (PI. XV, J) 
of a Uj^ht golden-yellou- color. Tlie crystals vary ffreutly in size, but rarely exceed 0.25 niillitneler 
iu width. The cr^'stids ha venot l)cen measured, but arcmidoubtedlv" hexn^imal, tind so far as their 
properties have been determined they correspond to tlte material from t!u3 ..Vinericau Fork 
locality examined by Wright. The crystals are uniaxial and optically uej^ative, with slronj^ 
birefringence. It may be noted that jarosite and plumbojarosite fi'om the same mine are so 
sinvilar in pliysicai properties that a fli-stinctiou can be made only by chonueal tests. 

A specimen of the material from the Red Warrior mino was submitted to the chemical 
laboratory of the Survey for in^^esti;:[Uion and W. T. Schnller reported the composition shown 
in the (able below. The analyses of the minend from the two li)calilics pre\ ionsly des<Tihcd 
and the composition calcuhited fwm the fornuda are give.n for comparison. 

AT.al>jsi.-i of fihuufxiJar'tsiU. 
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CEOUMiV AND OBE DEPOSITS OF IHE SAX FliANflSC^O RE<iION, UTAH. 

'Hje thiei' anul.v.ses slu.w si close iiK>-eciucn(, i.inoiig themselves :i» well a.^ \Wth the C;>lculatea 




MO LYB DATES. 

Pod-cH'fe.'-i'-Mw^ im.lylKliiU', poweliitc, C.iMoO,, occui-s in the O K niint! jus yellow 
int-nisutioiis nn qu.iri/, iin.l ;is psoiulomDrphs after niuly bilcnite. Muny of the incruM .itions ure 
compose'l of minute tetra<,'onnl ciystjtls, though the minevni does not aiways show definite 
crvstul fnrni. Powcllilf tli:it has forrae<l as pseiKloniorphs uftei' molybdenite is a jjieenLsh-p-fty 
ininnnil having the iitnu-ture of the niincrai th^t it has rei)l:nje(i. All t!i« powelhte lias re-sulted 
from the uitonitlon of molybdenite. 

\VuiJfn'tf.—]A':u{ niolybdate, wulfenile. PbMoO,. was observed nio^t abondiinlly ni the 
HaiTin;jton-IIi{-korY mine, where it is an important coniititnpnt of some of tlie ores. It usuidly 
oiTurtiTn thin tabuhir letnifronal erystrds, (hough it is not nil well eiystfllli/.ed. It was noted 
in lesser luuounts iit other localities, eapee.ially ut the Washinigton mine Aud the Honi Sdver 
mine. The wulfenite appears to have residted from the jdteraiion of gstlena ore e{trr\'ing 
molvbdemmi. A enveful niioroscxipic, study of cores of f^alemi that were surrounded by wulfonito 
liiwfjiiled to revcftl iiiiy molybdenite and it seems probable that the molybdenum lias crystaUized 
as nil isfimorphous mixture with the lend in tlie gulena. 

ORE DEPOSITS. 

EARLY DEVELOPMENT. 

Tl-.o first wetMenient in Beaver Cunnty was st-arleid by the Mormons ut Beaver (Jity in 
IS50* by Simeon V. Howd, Jumes P. Anderson, and Wilson G. Mowers. Thre* years later, 
in 1K51I, Minei-sville was settled, with J. II. Rollins a« bishop of the wanl. In the foUowifig 
year, 1.S60, the KolUna mine (now known as the Lincoln mine) wa« discovered in the MhicnU 
Kanpc a few miles northeai^t of Minoi-s\Tjlc. Dui'ing the next two or three yeni-s a few tons of 
lend hullion was produced, ore from this miiic being reduced to the metal in n crude way by 
the Miitilei-s. Tliis is commonly report&J to have been the first mine opened in the State of Utah. 
Minina; did not bcccmio an important industry hi the county, however, till irome years 
later. The fir.-t minins^ district organized was the Star district, July s, I.S70. From 1872 
to ISyri mining operutinus were active in this dij^tnct, and a considerable output of load and 
silver wa^ mud[\ 



Jhe discovery of the Horn Silver mine hi September, lS7o, was a most important event 
to thi.-; purt of tho Stale, for it resulted in tlie extension of the Utah Southern Railroad (now 
a pai't of the Sun Pedro, l-os Angelas & Sidt l^ftke Kailrond) to Frisco ui ISSO^-yeai'^ l>cforc 
il would have been extended but for the trnllic ottered by this mine. Not only was the hnme- 
diato vKunUy of Frisco fnriiiihcd with railroad facilities but Ki-isci> aud Milford t.o the (^nst 




S.\X FHANCISCO i>isthi<;t. 
of ISSO:'*"'' "'''■' ^'^*' f""^'^^'"'^ uccoimt of the San Fianci.sco district previous to the summer 

J^_nuiert2h^^uijrani'^^^ Mouwaiiw. The ^ Fnint.i«-o (li«riri, waa organi...d Aujrusi. 12. 1871, but 



' "iiDcmll, H. H., lltetory of Vlah, Saw Pranclwo, li*g. 

' Tiaiih CenMis e, S,, f»o, ^■ol. 13, libelous iMtuts, pp. «i-tS9. 

'litem, pp. ^l.^^7l. 



EAUI.V YlKVELOI'.MEXT. 1|1 

vts of linte imiwinance until 1876. a yrar niwr lUr ,ii«„v<.ry nf iIk- Unrn Silvor ruiiiu. [-VL^o, Iho ic^ii uid jRst 
gflirc, ha.^ (Auj.-Ufrt, IHSO' about 800 itiliatiJiams uiu) w ihi? Ifmiimia of r(„. Huh ismiluTii Kaiin^d (.'xU-asiori 

The rouFJtry rock oi ihc ruiiL;.- rc.n^i^^^ uf ery^sMliinc dolomili,- limestone od tho soiuh. -raniu* in (h.- ronu-r ,iij 
a light^rt^i quarl/ito ou the norili, Tiio cnliro (..>t.-rn ..I.-ik' h ovtrluiu by a voicuii»- rot-k. wliirb h«8 i,.Tlian/,.'rro- 
xwualy lii-eu <.uUl'»1 Irachyle.a thi.rt cliMainc alv.vo tlic Ic-vel of llie \iUIcy. Slill Lirlher ra."! arc oxi^.twivo U^U of 
tufci. The wulex in ihe district is very bad and iv-imr, lloiU-re \Wlh flue^ .-au not be uwd, or ui iruwl but n few dii >.-, 
owirtj: m ih<' fjn^it quontify of scale foruiwl. Dniikinfr w:Li.-r is broiijilii im tbe railruatl frum lUark Rm-k, from aii 
h; -10 mill!- Oislant, or hnuled 10 jnile.H from Kpriujipji iu ihe W ,i Wu Kaiipo. 

AiioW. 7lOIcfaiii>nflhiUl been m;idr in ibrMlistriet, but n.ilover 'iOO nvmcUiiiH-il al Mr- limeoi ihe writer's vijiit 
iiiid [lot over SO b^wl $.J00 worth of wcrk hihmi ihem. Tlu' vrimiiial mines ol ihe di^:rii- iiru the Uerii .silver and Hie 
t'iirbonate. 

Tin: Horn Sii'rf otim.—Thm reiiiiLrkable body of or« v,;i.h diwoven-d SipteniluT 2-t, ls7.">, by laiw^ Hjaii luid 
Samuel I[a«-kea. They mnk n abort clhifi 30 feet in (h-- it. , whirh came witblii 10 U'ci ..| the wirfuce. und, f.*aring 
that llicure would fail, sokl for§25>000 to A. G, ('iuiipb.dl, Matlhow f'uUeii, IkTuiiH Ttytin, and A. nyruin on I-'.^bruury 
17. l*7(i. TliPJV p<T^JC3 Pold ore, erected smelting wi.rk.s develciped llie ore Lo<ly in rhc mine, ant! in 1S79 nold Ibc 
greater iMirt of their Interest at the rate of §6,000,000 for ibe whole property. Tbc Horn Silver ^Ii1lill.^• I'o. v^w incor- 
littf-aled under the hws of Utah on Fcbruury 17, 1879. The capital efm k i.- $10,000,000 in 400,000 duiri*. The proiv 
erty ollbecomftiny cominta of the Horu Silver claim, I, HO by 600 feet, jiaN>Ql..Hi; two 5-aero iineUer sitefl iu the town 
of Frisco, alw jwlented: a complete three-stack pincUirc; plani; refinio;^ workp .ii Ohieiijp>, III.; mmc iron-flux mioea 
near Friwo; chftrcoiil kilna; a 40-mile telegmph line to Beaver; two laryi' slurrs in Kript.'n, ami niht-r minor ymiperly. 
Two very elaborate reports were made, upon the property in XIr.reh, 1879, one by ^V. A. Llixik<r, E. M., and one by 
Hcury Ctimniinn. TLe lollowitig »re extract?: from Mr. HL<oker'H report: 

"TIm* (jndnlity of ore exii^icted tip to Fobniiiry 1, IS79, in yiveii un L''i.7i2 Umn. Dw'uv^ Fcbmftry nlKnit 0(1 tona 
daily were ndi^ed, making a total ol 2o,(X)0 tniw of ore. The cxtravtioii «{ this 90 toils vnr Uuely enough to keep (he 
niil»e in giind ^hape and prevent the brtfi'st* ol ore from ernwding to.) mu^-h np(.n Ike tindieri'. The prewiit exj-viiw 
ol niiiiing is lnw. Wc have aa the tti-st. irf Ukit^ o»il flU Idmh daily: 

Lab;ir *M-l.tM 

TimWring, W Umf, at S2<-i-nt:i fjcr ton 7:VW) 

Su]MTiiiiendi'ncc - •■ COO 

Supplies and iricidetital expenses M, 00 

T..M1 ■27:i.Vfi 

Ottst per till I S-05 

*"Tbo e.\peiiM> dl ini:iinc the 22.71:> ton.i np to Fehrnary I wil", of eonr.-^', wimewhat hiphcr, anunmtinj' to fi^Ad 
per I'm. This expen;^ included riiirvcyinj,' and applira'i.m fnr pAtont, nitii] Bervicc, the initiatory expeiwwof Iho 
enterprise; in ahnrt, all the. e.\pen<lit.nre8 of tJie mi'ie up to that dnle. 

"Of tho 25X)0I) Uma mined alwut 5,500 tuna ha\ e been sold lo varion.s jxirnrs; ihe rem;tinder lia^ ln-eii IreaUxI in 
Frisco by the Frisco Smelting To. and in the comp.iiiy'H own worla. 

"The smelting plant of tliw comjwny consists of three j-haft lumorcf wftli 40^boiwpi-wcr eiitriuc ar,d iKjilers, one 
Vo. 6 Roit'H t)lnwer. a Uhike crnsher, .ard other neces^iry appurtenances'. 

"The fumat-ea aro placed in line with fi-ur dual cliiinilien between »ljuka, or eipht in all (d fcwt liy ;j foci I ir.ches 
by fi feet ■} inehew each). Thft fnrnacesoro cirf-ukr, Ihe hwrfhs being built uf a lirwlonc of e.\0'llrnt quality (volcanic 
l.\"if£i) found in Ibe irtimediste vicinity, 'hv.. of the inmace-i hlivo iho following i)rincip;il dunensirrtis. Ihe third l>cini' 
9iitnjwlu\tnma]ler: ^.j j^ 

Tnyi-rc lino to charging door *- * 

Diameter of hearth ......-' _. 

lHameiff of bowb - '' _ 

Diameter at tbr>at 

"The biniaces arc provided eueh ^-ith Eve water Uiy^re^, .l-inch noz/le. The h.Mrlh helow tho iny&ros i« pro- 
tected by ca.t-iron plates arnni,e.i he.agonally. The «(«ck i« huil'. of lin- hmk ^ad common hricJ; supporUHl by 
4 • 11 i-tT . .™;™ ;»rjiHivn \ niri'le fomaee unly has been run at a time owing to tho »oirciry 
oiat-lTOnpiliard, 1 he average oimpaign i» 60 days. 'V!""'^ ' ...,:.i :„ i..._ .^ti t „..H ..tth,u..I, it i. f,.r 




m.Uoso«.. The pr.lne; i« fron. ., ^-^^^J^^^ ^T^^:'I^;^'Z^. i. cba^I back into the fu. 
to .J,e ton. About li ton.ot matte ..^. ''^^ '"I'^^^l^'a," v The fobowiny ia the work f..r Janaury, 1879: 
naco. From l^iiO to 1.600 pounds of fine duat are sivert uju\. i'k ju.. ^ 

tons. - 72:1. W2f> 

Ami.iinU Ml' ore .smelted ,j, 202,1507 

BidUon prcKluced - , 3- 56 

Ratio 1. 1.. re to bullion t.mP.. :i2fl.^25 

1 ron ore used - ' 

Or SO. 71:) per cvnt of the ore. 
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AfUf]liiiLoirli.trn^Iiu«tl 

Or lii Inifiliefci per wii uf ore- ^^^^_^j_^ ^,^^^ 

Wor^i for roaritiiig an-l iiiel - " ' 

Orlhree-tenthflofaoml per t'Jii uf '.rw- ^ 

W&ir-Aiid leaf jK-r ton .if ore ' ^ " 

r:iy n-;i per t^m oi ore- - - J,' '' 

Tclaio^il ]y^r loii nf-irt; r-, n:- 

Coatper ton «jf IjuIIinn pru'[iice«i - - " ''' ' 

'■The (orco i^mplny^l diirins iii« census vfar «~a.s about -tO miliei-a /lO-hour .tiiu.i at ^XoO aiirl lo ofber mirkmeti. 
It w-ia tl.« intenliun t* ^kItm-i Hi* ore in ilio n.mre l.y c.ntroit at ^n murli |Xt .iiH.md. The ummint missd diiriujj 
t)ie vtn.- ttiw Hi O.^Ji ti>a^ TlK- [-tal pr^ahuA »i tl,.; nunc t.i tliu t-nd o( ibo ceiL^us year was given al. :iy,:^>yj Inna. Ir« 
avonigc pru.Iuct »r vuluu «tw uHknwftii, Imt a rnii^li oatimale pUecl the wssay Milue al 4o oimces silver aiu! 30 per cent 

lead.'' , . . , . , , , , 

7'Ae airtWiw.— Biajidea Mr. Hooker's doscriptifm of tJic lurnaces, iLcre i«o a K-w itvnis wlHrh may be nicntirmod. 
Bi-f/prewpioliiii.?, lilt! on ia nswtpd in Iieapa oi varyingsize, alwut.30 feet wide and 1 10 tueL long l.«ing an avemj^ij, Cedur 
cnUiJ'-tl is piTc'i! 4 fuel Iiiirl^'. 2i>iiii!icd ul ^xo ia bprfiid upon it. unii'her layer t>f wood 1 foot, and a iMial 1 lootoi ore. 
Thi:i i-PMiiirc';^ lw-« or thrift *.jel:.'i to bum. <iiie <-i>r<l uf v.-ood fur :i toiia of oro is used. Wotxi Ciists i?2.'rf) per corJ. Ah 
tlie ore wliicji fvmicn Jr-m ihe mine is alrt-.uiy oxidi/*--d. it,ia rlilTiciiIt lo see liow lliis roasliiiLr afferti; it. except to v.ila- 
tili/.ee'inic ars'iiic and antimony aixl To burn olT&ime aulpiuir alill unoxi<iiKed. Iti prool .^l" this, the inriim-s still 
C1Jlltin^Ied^lftl^m Ur^.' i|""ii' '''«''''' '""■"*^' '" ^^*'" tiL-Jtin^ unr(ia.-jte.l ore. In nirMier pn--l. illsj. the I'dlowinij pufticl 
aiialv>tri. iiiii'le in (be iriiiijuiiiy'a hifujnit'iry. inili(jl<> tlie sinje result. They are averages of several analjnses rmwlu. 
The "Riniplort were not iiprrnurily imm tli& sLine Inlflni" ore: 
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'Ywo of ihf funiiH'i-n on- lint^I wiih n nif:: f.iiiuti iii the di-iric. The liiiiii^r i.-i I(i iiichct; Ihick, and t'xU'nds .'i f*'Pl 
hif,'li. iMisuiUIy I.ihL'I'.Ji:) Lli .£i)(lLiyri. A new- liiiins ci-sl.i SlSO. The lliJrtl furiiLic is a rasl-iron v,'a-ter jnj.ktH, vi-rlinil 
fur IJ iDchctt, tind haviiiy a Ijulk-riil ihu bcwhtja of 6 i\,chf:i peraido in the reinnlnini; !3 iiudn>3. Th.-*- fumac-esruu 
wiih a rtij»;d fnmr.. A vnryiojr quniuity of Jinieatubv niul iron llux is n^'d. The limestone iy quit*.' pur-' inJ ojsIs 
$2..5^J p..'r Um. Tlie imu llux Ls n limoiiiti; luid hematite iivrr.iph^> fnna Tjj to &1 pur cent inm. It e*inie8 fwiu llie 
Vi'.AVa I^ii?!.', Iron Spriiii^a, t^tnr, Binvtr Uik^, and San Franciicndiutricig, aiidcostsaboul-*^ j^t ton. The oliafoil 
used is aI)out 2.3 iwr ceiiL of the k;nieltii]fj chpn^?. U is an i^Jf^■ri >r quality compan-d vrilh thai used in llio nortUem 
lurt uf thi' !■ n-ilory,nnd r. .^l.'* U ceiita ptr buahei for kiliv nnd 16 citits for jiit coul. Hi-retoforo no tlue du^t lias bet^ii 
B.^%'i'd. Tho li.id uiiJ iptn fuatk-. wliich wasqail^iibundutit.is PsvsM.d in hcup.^ andresLnell.wi. Iti^sliiI thaL iherv is 
(Miiaidentb!(! dti\'ix'nec in the aiivi-r and lead coutenl-i M the miuirs from the .uoik' and watcr-jiickrr fufuaCL^, No 
r'SuinrajstiVS luvu been nuido, bnl rhp nvetuge of a few nhowed results in favor oi thf water jackot of 24 ouut:-:^ silver 
and 7.5 piT criit lead. Wlu-ther Ihi.- cliar-e in each farmic^' wm fxaclly ibt- wmc or not. is unkaoiva. Tlie funiacf 
lead wiw quit.' hard inid cflinyiiiod "vVL'ral per wiiL oi auiiniony. I^ince the roiupletiun .li the nilTi -ad, i-cat bi Hliippiiii,' 
to Chu-a^^o has boon nitueid m i;J3..'iO jxt Dn. Somo |>ar:ial aiinlv^-s of slug made at the cotapany'a offife are as 
foiio\Ta: 
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4 J'tou^.f'''! T''"" ^?; ^'.■"''t^ ''"' "^ ""' ""^" ^'"^'"^''^- ^^^^"^"'8 2.SS6J ton. of bullion. B.«ide. tUi« al.oul 
«,w.iu luuii cl "jH' wen.' inild t-t [be Friscj (n. 

conipiiiy uu.«dcd to shut do«-n ,ho^' fumic.. and en.>et others ui Sn.uU Ctlonu' >.kI 

fttrtit. bat ulTaZ 'f.rt '^^^'^'V^.r '""' '''' ''' ' '">' ^^ l'^^^"^'^ ^^'"^^^-'v/ I' ^^^'^ ''uil' li^.' ^n ordinary 

bat Uiid a flue ...U.^duig .p tli. a,d. lull several buudnM fe.i. U ^v.. Hoped ih.i tLi. would cre.to .uffici..a 
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,iuv 10 dUp<;i.«' with an piisin.Mt.,d blowrr^ a i.-w u=„. ..( |.„!K,.„ «-na nu<h-, bui ih.^ rtmfi t-oulrt mx far n-siilat*Ki 
rlK> nn- would appr^Kirh tU.- Hunii.v .W ilv <hnr„- uml i)u- \mum w.^nld • ;r^-i'z«> " 

A zmain.-acbM.- plant i-mh-d l.y « priviUc <-<,tBp,.Hy w:,s ru.uph....a in lb,- .prii.s »f I^-^TS. Somt- Il^rii Silvi-r 
„re was woik.-a mw. and iroiii ^(» m SO per .rnl .-buum-d. A m.i..tm.i; (nnirtc «■;,.- on-croi. a,..! ,]„. w..rks, iheti did 
touch b.'tUT. Iho U..I.i,£ta w.-n- n^workvd. yiddi,,^. .s2 jx^r cc»l. The- lnu-l.ii.,r worts w.-r,. n.i Hli....-.l,.-r m„v, .-.li.l 
;iih1 wck flhut duwii ;i(K-r a ww nwiubx, lunii-r triMuJ l.-^d il:im 150 Umn. 

lO(Arr?JW7w3,]-TheGnimpi:-n U;x pn-si>,Tt in tbodolomia- on ihohillabovomul Iwyond ibi- H^rii Si?x vr rn llrtrcb 
i-ii^). it w;v- >^^ld to Li Chicas^> cnipany, tl,,. Grampian PUvr-r Minins ("u., /or .. nmnd Hum. and u numdor.^il,- f ,nv oi 
ni,.Q b;ivo bi-en pn^pecans =.m.-.-. A vcuof och.-m..sU.ul nn-a^,yiiiff :ih..ut ?:,rt silver and ^nw H'M w,w fouiui ,u^«r 
I)... surfiice and icilmv.-d down SO li-.-l. >.!inwnt(t fmni 1 Uk^\ io s fei-l of op'. It Ibi'ti pomiiifU'd, w U fK'qu.uil vrhh nn- 
lindlfs in )iiiKSton.\ and in mibs-qnt-i.t pros|>cf(infr lind nul «-idon.-d a«ji.i, l.Utl,. siopinf; Kni Ixn-n tlnn.. The 
mine is drvpl(.p.'d by a tnnnci und an iru-Iiu.- havirijr a windlans. riw tnial rnitin-» ;iinou»Icd :o ,>l.i f.vt. I.c« 
than 200 Ions bavc Im'ou sHippod. 

The KrisTO Minin- A Smrlliiiir C,. wm« iiiciirporalixi En Spptemhcr, lUT'l, iukI i» u r.'^^rtnmi/atiou ,if tbr l''ri«cfi 
SmeltinK (:<>. It Iw.-- a .-.ipitM st.vk o) §2.()O0.iM)0 in SO.iHlfj f.bnn.«. Tbc a.nitwii>V im.|XTty .onsinla nf nm- smelting 
p[-.inl in Pri3m, cbp C;irboiiati' ^muip of niiuos in Siin rnnrLsttj dliirii't, jUniif qnurry, wiumI raiirlirs. c-liarconI kilns, 
riimaro siu\ banv». wni^ins. and iniimals in ihi- !^m-' dLiirirf, tbc Cnvi- mint- nnd iisproup in Hi-adsli.iw dislricl, »nd 
an iion-IIiix niitn- in RcK-ky diatricl. Tlic .imcltlnfi funv.ic.' was buill in llio sumnior of 1S77. [( (s^ giluati'd in (he 
|i->WH lii Frii-ot and bas iisnalty run as a ctwiom funiact- ..r boupbl on' ir^m^ tin- Hum Silvrr. Tbc- pbnl i^ a ctinpb-Ut 
one and cuiiaistfi of a Bl:iki> ruck bn-akt^r, a Nf>, ,5 ISifcir blower, Iwu himvimiliil boilfrw, on:- ■t(>-b..r^.pnwrr b.iri,f'»nial 
cti^'ine, wvoral pumps, a Hliaft funi.ioi' and a (lur-tiusl. cbaoibrr, a riMcrhi-rnlory dui'-dnal .ilii;:iii(ii> fnniart' 111 by ;1G 
fi'Cl. ftiiO tivi- cbarLXHil kilns luljiKXMit Ifl lln- wvukw. 'JV Horn Silver on' wliii'Ji tlic mrnpiiny unu-lt'-.l wa.- nM^K-d in 
hwips in llic Knni? manniL-r as by tlic Uurn Sil^■l•^ Co. The company wj.rl^c-d !lic op.- for $l.t» jicr Mii, trnannitf-iin^ .HO 
per crnt of ibo »-\vit and lead ainUnlH. Tbi- nn- '.v:-s sun-Ihd with an inn f'.tix fnim iIn*Cr*Vf and ,(h«r inm niint-s 
and n'tjuired abonl ^0 p;T eon! finx and lU buflu-l.* vi chan-i'.d p»T Ion. Abonl ."i per {-^'hi n\ Aiv lUm ir.ii* t-uHKbt, 
assiyins S-i piT cx-nt U^ad and 30 [uincea ailver. The matU-. itf which fmui 5 ('» Hi jht ccnl waj< fnrnuHl, iissjyi-d about 
20 per cent lead iiiui ;iO ounces Hilver. Il \vfl«nxid(4'd in heaps and n'snu-lli-il. The slag awny.'il ahi ui 1 1 (lunci-s silver 
and 2i piT rout K-ad. The furnace fonn ninsitiM uf 33 men nn S to !2 hunr xhiflji. p-ccivinx fniiii ^^ Io ;M. 

The CVrbunale mine is siMiated on ne^vrly leve! Kruund ini thft oaMiiTii niflc of ilv San l-'ranriiicu Mnnnlaina, lij 
miles northeast of Fii^co, It wiis discovered in the anlunm of \i\7S. ('jiupInOl, Burki- A DuntildMni buiiplil ll in 
I-'ebnian,', 1879, for $10,000, -nunk ashaft (o the deplh of 212 fevt, and s-ld Ihe pr.ipiTly t» lb'- l■■^i«^> Miniiii; A Smetlintj 
Co. in SeptemljL'r, 1S7'.), tor $100,000. The Jirmp or llankin? and ovcHippinR lo<-alionj« tiitwinlcd of w\'i-ii rliiini.-*, 
l.&M by &>) ft^eti-flch, viz. the Ciirbointft?. Injji.nnar, Battler, Sle'pmother, Lloiut-alakp. Norlh Side, aad South Side. 
Some showed ore. but 1:1 lie had been done on nny except the Onrbonate. Tbia wa." discovered by Ireiicbmi dui( oa 
the giiirface of the j^round in tUe seiirch for the si'iiirce of rich noi\t. It wiw JDi[)tist"ibIe It' Iv^rn ihc aveni^^c gradi.* of the 
or.-". One hundred and forty tons were Hmell'-d by the coni|)ar.y. but the value vaj* m jI [jlven. About 700 Ions of 
low-gr^de ore were rtisr*d dnniiii the census year ind anj now upon the diiiup. Fmni ^arioua ut«iy!" the nveniie value 
of thf ore was eulimatcd to bo fmni 30 to -15 ouuc--^ silver and fr«jm 15 (o '2't per cent lead. The aiin-.- U op-'Hi'd by a 
aiilgle-compnrtmonL vertic-al ahafl. 5 feet 10 indu-^ by -1 {•.(-t 10 inches, to a depfli of 3:10 feiX. The aJiast was sunk 10 
fret north 01 Llie cropping. At 80 feet a little walcr wa:j found ''al the period under ivview 50 fialloiis per lunir waa 
biiisieil with ii bucket), and the ore changed ffun L-;«-b»niite to ealpna. Drifts had been run every 100 fi-el. but Uie 
exlnirae limit of horizontar development mia '2r>^ f'-et. The (olal cutt-ins^ amount<>d to 1.315 feet. Every drift was 
tiuibeied witli 8 by 10 inch or 10 by 10 inch p-^stn and caps', and 2 Io 3 inch plank. It wati found necf;«.iry in ea,-..' 
them onco each month. Xo stopiiuc had been done. AH work had been (o pnjep.i:i the mine. There wi-n> i^maJl 
sleam hoisting works, containing a IZ-howjviwor .nsin?, mipp-^si-d to be c-apable nf aiiikili„' O.v sbjfi 500 foei Adnut 
20 men had been r.-gularly employed. Owing to the low -jrade of tbc ore. no atietupl wiu< iiuended n be made to 
«mell it until after concenlr.ilioii. At the time of the writer's nsil the cooipany wii.-. {-nvtiiiif u :W by m A -■! building 
in which to coneentmte the erf, by mea.ia of Paddock's paeiiiuJtic sepaml^.rs. The* wen* a new inv,->nlion. They 
had been lested for peveral months od copp-r und lead sulr^bnn-t* in Mai:u- and had aL-j w.HimI several loua of this 
ore at the BiitU-rfield Canyon concentni'.iiip workd. in \V. .-i Mnuntain itL^tricI, and b-^d K'ven sati-iiacKon. Th.- 
marhincrv to bo employed ^ras to ctiiv^isluf I rjtury drier. 1 P"--k br-aker, 3 seL^of Conmh roll.H. 6 elevi-cn., 5 revcdv- 
ing scn'.-.i«, having a 3.=i to liO mesh, 10 R-iddock-? sep,iratore. and 1 Frue cvaceutnit'»r. It wm th.Misbt Ibi.. appar..tua 
would t^mrentmte 50 tons in 24 li-urs. 

The other minea of the Sau Francisco diolrict are: 
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Coppif.-\u lliciif.nhfrn pjiil (if llie San KniiicWo dislrici ih<TC ;irt' ^cvrnil very hLr^c I'^'lp'.-' of pyrilc ami obal- 

iiiLt (if c veiy high '^intic r-i\\x-r ore w;ij« mined a-v«ml 



hfuel. They were i„ 



copyrhe ore. Some work v.-jv Hoiic upon ihcni, and a miiMI rniKMint <.f c yeiy high yiadr ^\Ux-r 
yearh -.mn. Tho ijrlnciixil clainx^ arc (he Comel, Cr.rluK. and Coiipt-r (/hid. 

ChiifvM burnlny. -Thiriytfix l)eehivc charcctfil kilns ' sujujly ihc furn;ifev oi rhe dii'trM.-l wh 
cifAt p-nups, uiid.ir Mjpar^i^'iiiilividiml maiiasemf^nt. at pl^. .> wbuw wiHid \v.i.-; aa-L-i^ible. and hi disunc«M nf 6x.ru 
6 10 18 iiiilf!' fmm hn» ". .Some pit (t-jl i.- hurried in ihc Wii \V.<. Mountain.^, but it it- f^old fi>r I tv 2 .t-iit* per bn.-tfl 
K-^* t^j.iii lh'!kitiicoal.iwlhelartfrr isclpant-Turid of bi-ii'T qimlily. The kilns i.re made nf granite Httat foucd in (Iiq 
in'i;?lilKirhctwl and a linic inoriar. They arc ol Viirimi^ .-izet*, fn-ni l(i l« ?(i ieft in (lianiok-r. 1 1 » ihi' rule in thi^ BJ^jtion 
to make l.he height of the kiln equal to Ihc dimnel^-r. The thirknft-K viine:> Iroin !.s K. 'M) inclK'S ul ilinbosoimd frunj 
l'> 1« 18 incliiv at IheHiimiuil. There are two (^ueninp-t. cicisi'd hy i-hci^l-iroii ilttors. one sit ihi- ^'itjuiid level, 4 by 8 
left, and the I'tber in the cide iw-o-iliird!' of the dim:iin-e to Iho npex, 3 by -1 f(«-i. There wre hIm (lirce rown of vrmt 
liolfT^. :{ by 1 inrbcs. near ihc pri>uiid. The lowpr raw ic a( the BUriacL* of Ihe prtiaiid. Thi- rciws above [ire IS ir.-ho, 
apart, liiwiiiK veiil holw 3 fwl apart in eich ro«. Tho kilns rcwt fnun §>W lii?],OWl u>.iih and hiwlL-d a \ery Iocs 'ime 
if iijiurl rcf.'ularlv. The 16-fcot kiln holds aboHl ii> cordu of wowl and the 2ii-foac kiln -lo cordj'. JHiiin^liinftj the wor-d 
I- pili'd MdljiUy, hii( npiu;ni!ly vktv cloFety iii runJwood fn&hion. The wo-xl v all piflori \t\uf, and is rut at all seasiioti 
by Mf-iniuniMfll $1.2i> p'-i-.-nrd, h i(^ brt/'juhl from 1 li< 1 miltrs by sifiitifi or vn'aons to kilns for fmn $1.50 l<i |J..=iO tier 
curd. Tho kilnwarnfirtd in ihe rentier at ihr boltoiii (lhoii>;h wmieliinciat the lop_., and iln* firw j-i drawn lothe tup by 
Icavintj a ^^null iinwjik'd H|)a<'P armind the upiH-T dwr. Thi* is iheti cliff.l entirely, nnd ihf- fire is n-^iilat«d by ibe 
VG1I'. holes. Thr^ dnmtinri of huriiin;; is from (hri«) to neveu dayn and of ('oolijifj from three l*> nix days. Charrinc 
uljich iurhides packing the woM in the kiln and dra^vin^' the coal, i^ u(«ually dent/ by controf, and cr«tii'froni 2^ to 31 
ceiil^ per Ijiisht'l, .\lxint uO biinhelfl aro produced per cL^rd charred. The coal t bought by wciyhl, J7 jiouridH iiiakinij 
a iiii.'-ln-l. It isHhippcil m (hecinelten* in r^rkc, al a rotd of from .') Io.tI mits per biinbel for huiiliii';, depending on this 
dislaurti. The prtrer««ived v 13 ireni^piFf bi»b<ri. Kiln b»»dt«are paid (rnm S2 to $2.75. The !ahor reqnirwl aver- 
a|{OfOiiC innn [H*r kiln per 2-f hAum. 

Tho Horn Sii\Tr Co.'s smehm- iif Kmiu'.klyii wtia completed in June, 1S81, but some dies 
weie trwtt.cU at Krisoo liiUtine, 1K82. when smeltin^j; at (♦'risw) consed. 

A plant fnr milling the llovn Silver ores wh.s built, in 1893-04 and Hlthoiifxli shortl\- aftei-- 

■ wai-d (k'stroypd by fife it wiw rebuilt, and oi;>enited for abrniL 10 years. In 1<)05 the Peck iiiiil 

WHS constnicled on tho proptM-fy bnt was novor opemtf-d. In lUlI the old mill was remodeled 

and <.i.erHled fi.r u sliort time. The miiio htw be^Mi a CDntinuouH i>roducer from tJie time it wiis 

openeil except I'tir a sliort period after the extensive cave in 1S85. 

Tho Carhonatc mine was an iw,tive producer till 1S85, but i>peratio»s tiien ceased till MKW, 
when an iitfcmpt to leupen it w.ts made. The ore body was opened on the 7()0-foot level in 
100ft, l>nt. i:o important prodtiotioii has been made in recont yeai^. Attempts to worlc tiio - 
copper ores of Copper Onlcli were made in tlie e;irly eij^bties and a small .<;moltbi- plant was 
co.istrueted on the pn.perty in lx<)7. b„t lil-tle. ore was treated. In IOCS the Ncwiimi«e Mine.s A:. 
SnieUci-s ( orponitwrn acquired tl;o proi>erty and he-an an active campaiin. of dovclopmont. The 
radroad w.s extended from I-'risco to Newhou.e. The town of Xewhou.e was built an<l coti- 
cent nil niK works constructed. Production bej^an in 100.5 an.l eonfituicd till (he fall of 1007. 
After a., tdlenens .>f one and oue-Jxalf year. oper.Uion.s wore resumed atid it ha. been a stea<l v pro- 
dnecr s]\\vr. that tune. ' ' 

.ST.\R DISTRICT, 

n.)niley«pvcsthrfnIlmvinffaceoiuitoi\.n-lyopcMatioi,.i„ the Star distri.-t: 




crniapiTg.i on, F.u ihisn -i^.n ih.. mi«.,-™, . j »!'-ht la very wnrn- nnd cogts imni ou' :» 

on Utorid,.,. Th.. ..X^Zd^lnTr^ *T "^ "■"'^■' "' '^'* ^'^"^'"^ •^'■^-"' ^vben th.-r.. i. abon. n foot of .m.w 
immnp eamp, of ^l^aJu^Zt^^,^^^^^ T' '" *''''' '^'^' »^-'' "'"^ '8^- Tbett there w.^e the thriving 

W3Hd, >'.x,v,.,l hv fir,. J„ ,K,1 ™ _ . ; ,L . ■ ',.*^'^^P'^'"'t ^ 'ty, and South Camp. Shaunlie contninr-t 40 honw-ii but 

inpst 
dv 




'^ZXZ:""^.!'''^^ 



Uce«inly,Mn'li.,lM ImS. 



EARj.V DEVELOPMENT, 



U5 



>h.t ol Iheon- prmlu,^,.d was tn-a...I ax. xhv ^h.u.itu. «u,..|u.r. -IVo^mnli ,Uirk6 w-tc hcilf at tl.. U,« r. of Sl.auntio 
in tho ^.timnUT of IS, J. in ih*- l..ll.nv„>.i «prn,„ ih.^- ..vr.- t.>rn .lowii. nn.I („„. «iark a: 20 l<.n«' capru-itv w.s l^uilt 
Tbi«w:u.lmrnMIDJmu^IS7,^was^0m.ll,.Mh^f.>l^,wi^^;.uU»..m.a^.lw.^^ .V.ii,,rt 

HM. «:.=. nr..lr n. i^S. It !,;,« '';';'"/^'^' '^'Y''' '^^" ^"™''''" '"'' *»"^'" ^"i'^Pi'I^'l*-^. Abo.a 12,000 to„> nf on. wei« 
worked. i^hK-h pn«lurc*;l nbf.ut J.IHX) j..ii,m .,f btiltion, i-<mtaiiii.iR ^%\00a in silver ami fU) (m in ooW 

The Tn.y furnace* vrc.icd in JS::. ... th.- U.- .vrr Riv.r hoUo,,,.. 5 „nl..« ^.,uh ol Milfc.rd, to smelt Mammoth n.inc 
ore, ran but ft l<w nioiiLhs. Juluu* b»iiiidl<- -iinr ami was bunn-il in Jiiiir, i3«0 

nutini.n ol 187e. TheownrT«ha<lw(.rk.-<Uboul,l.lOu.i.s..fSlHron, l,.W)l..n3 from lh<.] lorn SilvLT Jintl 4iJl> ions (nim 
thf (-:u'c mines, whiol, ha<l Dmdurrd al»M,l 770 I<,ii. of l,„!!i,,r.. Th<- *mrIU'r ha.l bciii idlv for uvor » ycor but wnH 
Blflrtitl a^aiu A.isu..t 17 18S0^ Th,^ phuil consi.!., of a ^ton.. shafL fcirimcp. a No. 4} Biik.r Wo^tt, a hcrizonUil boiU-r 
and I ii:^iiii', una n snuill flu'.*-dniil rn;iiiibor. 

Th.- Milioni 10 Bl^n.p ...ill w i„ „ fi,ir .t:ik. of pp'SiTvivli...., It is in (h- t„wn ,.f Milfm-d, and wasi.r.rl.tl in -h.- (rtll 
oi \m, M a r.wt i.f $4,>,0(M), by a Scotrh and Ci.nadijm f xmip,iny. mlK.d tho HarrinKton A Kickorv CmLs.>lid4U.-d Mining 
Co., b' work t-b.' (in-a «( the Old Hickory miii... nhith had b<.^'D sold (<> it f,>r iibnut$HTy.(htO. The "mill en u few i»on(Ii» 
oil iibout a.jHmnri' on- iii tho winUT of 1S73-74 ?nd prvKJiiccd from $9,000 to *12,000 in b«»i bullion. Ii wa*" then idly 
unlit leased by Lh<.' Cave Co., in Auf^ui^t, I87ti. This couijiiuiy ran about fivi- moiuhtaud pnKluix-d JlC.Otxl in very fine 
bullion. Thomill hus be<^-n idle sinre. Thi- watrhiuaii jnied for his w;»k.s and Ici^k ihe prop.rIy in 1N7S. The 
yuflrbinr-ry eotwiacd itf :i fine W>-horso power ei^in.-, two horizonlal boilew, a Hud..;*' nn-k iTiwher, ion 7oO-p<.ui)d Btaiii|w, 
six Muiill wdi.dt'ii pan.';. Ihn c iruu ."i-Ub-ry, and a retort. At ihe tinu- of the wTiter'H viisit a wmplin[r mill wa^ beinR 
trccltd. It was Ui be completed aad retidy to receive ri.in.-<iiinnu'Utii of arc in a (.w months. 

ititiet o/ A'ortA Star dislritt. 



Minr. 



Taral 



T4ilal 



I FrH. 

Hpi*l I rsao 

lu-kory I '^a 
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Tom. 
•i.aw u\)b. 



of llH- cMvnm ycM. 
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ClrO U'WcJy^ uv■cn^;;^' IS uiiikvh :.ilvi>T iiiiil l«5 |«r 

Orff, [wrmu quari«, Mitli .ilalri nf nxl^li-a (ifocppcr 

aiLU Iron. 
□mtUMiv'.'lOo.miviaUvta-Bfltl'Jlipcf ivnllru*!. 



}twfs o/tJi€ fiisUrn joolhUU o/Stor tiitf net.— Tho VuJcftn, au iron-nux mine, mtiiulod fi niilen Nnjihwent of Milfopd, 
wa> disi-ovind in th«) sprinp of 1872, but wriima work was ix»i- bi-j-ui- until April, 1S79- It wan refpitarly worked by 
the own* r.«, and llic product eold to the Horn Silver Ct.. fia- JS per Inn. The mine consi-"!.^ of lame bodies of ncher on 
the hant^np wall of a small contarl vein Wtwci-n a dol««iiilf b:niLnni; and .v yrinit-' iin.il wall. Theit an* .>"veral 4if 
thf^e extremely irregular bodi-H froin 1 foot to 1") feet witl'j iilroady pnnpi-eted 7.5 fifthorixoiitfllly and I2-"i l"e. I on a 
dip of 60^. The oohfrHhows Ir.ici-sol gold, hiIvit, and cennsit^*. Oceaniontd buhih'^ id -I'louiire or-' an- found The 
t'lt^d cull inga are 400 foi-t. About 900 toiw of the Hiix bad been shippL>d in the year; i-cry little pn'\-iaujUy. The awt 
of IniDPjtvjrtation, which the minn jmid, wa»$l per ton. 

The Vickj*burg mine was discovered in 1S72. Ithasboen idle since 1S77, except at*fsini-ntw»rk. U isa north 
and south V(Ttii-.iI vein, from o to lOlei'twide. in linieslone nenrpmnitr. An .rherous.ms i-ontainini; fiMm I.> to TjO 
oHiin-sof silver and from IT, to 50 per cc-nt lead, was fncj.iiiiieml in achuiiney dippin); fthnuV A0° N. .Vvenil Imiw 
of poru granular eulphur wr-ro found in a lay..T from 2 to 20 inrliert thick benoalh the riehe.^1 jtortion at Ihe ori'. IVywlrdfl 
of iryi'suni also occurrr-d with Ihe ore, TV' inijie ia t.peiu'd by -.i 220-foi>l inoluk' and loO feet of othor tut tiu^H. IVib- 
abiy 200 t-ima of all [jradea have been shippfd, Then- firo siivural IhuUiand tons of n soft low-;,TKd,- nelier upon Ihc 
duni]is and in :ei|;lil. in the mini'. 

ThL- GoldoH Em is a neai-ly vrrliral north and «iutli vein, from Itl iueh.-e t^> 5 frrt widi^ in liui^^toiie. Otu cbim- 
iinv, 1) feet wide aud 20 feet lonp, dippim; 40° N. in the v^in. ba^ b-rn f..lJowM ov-r 200 fe.t. Th<- oro i.s an oeherou^^ 
c-arl-»niUe a^iyiup as hi-h ns 5.3 ounces of silvr. 10 [kt ct-nl l<.'.id , and $5 poM. Then- 1« a 24.>-foe'. mdme on th<- vein, 
uW. m feet of other cuUin^. A »him i- u.-.'d lor hoiiiting. Thnn- men have beoD working during the yuir. Iho 
total product has been ftbuut. 2iiO tons, principally ac iron tlux. 

Jtf(V« uj W'iUm Slur Hitrift. 



Mtnp«. 



Banuuc M.XCOV Hill C.TOiip. 
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Wnn ofSouA .5/ar (ft-^tr,W -Tho Wasro mine is nl. SouOi Cimii, 71 y.lik>^ mutUsx'^i oi Millard, on o.,o of tl\o spurn 
of (he hi.l)it pe«)c .f .ii. VirMu> Range. It .^a. cK^-r.v.nMl in the f.ll "i 1S71. Ir w». w«rk,.(l umil M.nh, m^ 
wa* IHIf i..r -v ycir m<\ -a h:xU. -and -a' '-^ "-ork^.? again iinlil J.iii^ lS7i3. sm<e winch iii.ie n lua !>cpn idle It rr.Mi.i, 
uf a ^iu-^l.. nip^ "I a «)> vdlmvW. lim..n,io and rurlwnait: or... i.-aded in !inic-.!»iw' «nd dipi)inc fn.in 3?*> in .10* NE. 
One rl.imn'-v lK^«n ;i1 1 Iv' .urii.o.-;»Md h«-. )-.>mi f..II..wml KW utI -.lud .1 ill cuiiunups TIutc :!re two nr iUk-v ct.nH;,<-iH 
ninir .orMlinlH (juiliHin ii.iuid ii xiiric^ in si/.^ froi:i 1 i*o>a u< lO iwr ilii* kaiid from in to SOieiM widu. Inil U ront\mim->. 
A Innni'I i*' fed long rni^ '.li" pit"' :iOO ^>' ' I'mr, liy snrfar-p and is vt^^ed to Iw^en llio wiinlUis^^ work, Th- ore. wben 
BorU-d. ...iiMin.H fmni :{0 lo 40 oimrefl silver, (mm -54 to *ii,) g<vld. and 40 per ccnl l^ad. Tlift u^^^y of Hit tolal pmiliu-t 
ia osiim;H.;d ni Irt.iMW onTirc" «ilvor imd $.").ftHO pokl. 

Tiie llnn-Mluirs Hill MiiiiiiK To, w,li incirijomlcd in April. :8S0. rttid was a i-onsolidalitm of llie inttTestK «] (he 
niinfi mvii.'n, on tlit- liill tc. develop tbeir pruiwrty. Tlie minini? proi>er!y in ui Snntli €huiii. near the \Va*-o. nnd 
on'l»nin>:» II .ivcrtaiipiiifl l-yntioa- wliirli i-wvcr iin i>n-a «i ah.iHi fhw-p lull i-lsinis. Tlicy :ire all in ii doloniileor 
linu»<('iiiH iiiiintry nx-t :iikI. wirli 'a- psceini.^n m" ihe Hiirrt^hnw -md Jtoiiniainnf^r, imve Itiil limiied dt've]opnn-nl». 
Tho on* is :i Uiw-pmdi' oIhtv rurl'onnlo, whifii. wln-n s.irlp<t, will im^^y fniii '^o to 150 oniict^tt silver, from $A »i>|a 
gold, and :!'» p4-r ifiit I'-nl. It iKTiira in oliinineys. pi[>c» Uu> >i-* ol a Imrrel. 'juvi irregular dt'&^?ifs. 

Tlionmini lijll iT-^'inind wilh Hni:il! veinfconlaininp fxOuir. Tlio prinfipnl work li;i.-« hceii thnw an une rhiiinn-y 
in till? IIitn-L-ilniiv "daiLii. in n Infti.lcd vein dippiiif! I'nim '0° lo Co" E, A very irrppnhir imline folluws this rhimnc-y 
22.') fell uii ilio dip and oxplorfH ii hurizontiilly 7.') fuoi. Tlin ore is found ir. im-Riilrtr ilejMKqls fnxii 6 to 20 iticiirt. 
widfv Thn rir^-wlii-"" iin\ wlipn ^-nnwl, a.v.-uys SlOO nilvor. (H) ptirrtmt Ireid. nnd S^ k'i»M, In the vein, on eilliorsidi- o[ 
tli« orx! l)ody t> :. Uind of fi!inni.« t;yp«uns froni liiilt an inch lo .i feel thick. Sonu-limes Isyeni of imid nlteniatc with 
the 1,'ypaiiin. In llie Inwcr wurfcf^ fnim I foal to H feel of " Idark ;H|iur," ix calcan-ori rock conLiIning ;i lar^ peirenrij;e 
01 n.iitio t»f ni.uijr.ani»«-. is ff.nnd. In gwner.il the rtumry is niucli )irr.>kt^ii in ihe virir'.ily of thin vein, ono htH-ianitsI 
fiiiilL of 20 fo'i, K'iHK I'tmiid 90 fuyl from iho aurf-.u'e. The* lotul product of the minos of iho gronp in p?(inml<K^l fli 'M 
ton«, jvcRirfinK Tri) onnfes.>tilv(>ran(l -lO por reni liKid. There is. nuirli I«w-y;racU- ore upon ilic duini>a. 

The oilier initieM of -'^i-iih Sl;if di.Hlrirl nr^-' 
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I ri AiIdlLiiiii lo Ihe nlmve-riMMiiIonod minftj oi the Star dinricts there are very man v dainw with lov-i developmenl 
whioli have shipped from 10 to. SO tout*. 

For nonrly '25 yont-s -suhscqiionl. to ISSO there wns little tu-.tivity in [\x& Stnr liistrirt n»d tbe 
metni outpul. was not impurtant. lo in04 it aj^ain beojnne u pfodiicer aiul siiire tlint tiino Iihs 
contril.ulcd iVKtiliU'ly to lUo mmd nutput ..f ll.e Stuto. The recent optu-atlon.s imve hcvn 
mam y cniHTm.d ^n^h opoiiing the oM niiiu^ tc. creator depths. Tho ore i« all sUiuncd to the 
Sail l;iiko Valley smoltt^iy. 

DEAVEK LAKK DI.STRICT. 

Tiu. ourly opei-ulicns in tlie Beuver Lako tlistrict are recorded b\- Iluntlcv^ as foU.^^^'s: 




p^;;2:;;:r:;:i:;!;:;:i:^ " '"'" '"' '"^"- ^'^^^^ ^'-^'^ ^-'^^ *''^^^ ^^^^ ^^^en no import. 



nd 
portaiit 



tn<-<-it-.ii.*r*. 



PKODUCIION, 
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HuiUlcy ' gives the foUowin- ii.rnunt of Uic t'urly history of tlic Rocky district: 

o: ibo San Prannwo. It was w-s.vmvil in 1^72 and hnd. lU iho j.^-H.^l mnUcrvwwv.-, about ■^r, l<,n,lioii«, nltlumeh .it 
limes Ihat inimlKT Imve iiri'bhbly bi-on dukIc. The rvuiiHrj rick-w ^TUihe, c|Uim?.ih., :uid limestone. Tlir priiRiihil 
Kurk hflf boon done uikhi iho follnwiiij.' claiuK-': 

Bt>; Mountnhi («nml.-Ou Iho side ui n mounwjit there u an mul and w«i vein 10 fcti wide in RTHitiu*. I'Vom a 
HMI-f.Kil. Nhiifl about 31 toDH of u.-^forlL-d ore were .liinpcd lo Salt I.iike fiiy, wbich, it irtMid, ft vt-rdj^fd Wjier cciU coppwr, 
2ij itunits eilver, mid $12 iJtiM 

Jmuc iVwi 7m>if.— Tiiw niino b;ul ehii>i>ed I.6(i0 cr more Uin-iot riux In Krim: it, !ju- prcvicniM f(;w votii^. 

A'ociv •'^'L mujr,— This Haim wa.-* (uvik-,! by iht- rri«.« Mining A Smidlinj; (',.., nnd i« i-iid t.» Inive wbiiiiK-d 2,000 
tonri of Hux fincu its tlieooviL-ry. Il ii* wurkt'<! ihnmnh jirt-ii! (ijn'ii cul*" ujk«i the .'iirfaii-. 

Co/J/Kr /rwnf.— This it; ;iii iimuenwe vein nf .opiXT or? wilh rr.)i.i>iiMp< UtO f*-ol wide. Thv ore i- :t nirbonaio slain 
iu the joiiil-H of a Bili<:eouf roL-k .iivtl lafccn lopethi-r if vi very low fimd.-; bul il) i».t i out (•.)i.j>fr orc<. aj^iyinp $.l-j nilvi-r 
anii$IOpold, am U- HUted Irom il. Home bn« been -hijipcd. Tlu-re in t(, all afiiicanuLCfs u 50-fwil veiiiotiiii iniimre 
inaf-'Dfii': ore one side oi tbis vein {>( un])iii'r. Sliuft:* 75 and 5.i Iwl di-.^|. hav.' W-^-n >uiik. 

Durintr the pvevnilin^ higli ]»rii-.e nf <op|MM- in laOfi mid 1007 ednsidcrulilo iron-copixT nr.i 
was ship|)('ii from Iho OUI Ilicliorv mine to tlip Salt l.nkf Hnu-ltci-s. With tlio full hi iirico of 
copptT it WHS lu) h)nn:er pot^siblo lo oponHc llm niiiio iv. h profit, and tlioro li;t.s hern litt-lo urtivity 
in tiio district till 1912, wlion siiipnifnt was ifsumed. 

In !!)0;i tlio Mnjeslic Mining & Snioltini; Co. t;ninph>te[i n smelling,' phint. sinit-li of Milford 
for thfi treiitnipnt of ore^s from the Stur, IJenvcr Luke, and Rocky distrids. Tiiii iiniinHil of oro 
dtivclopod was not suHicient lo keep Iho. jihint running, iind uflcr nprralin^r n f<nv duvs it wua 
shut down «ik1 litis been idle sim^e. 

PRODtrCTION. 

A(:curiilcst.(iti.slic^ of mine production hove lu'eii eolleeted by lIw United Stales (ieohi;;iciU 
Survey siiU'C 1 n02, iind the nietid onl[)nt of the distrii't*; here disi ii.>4.m'd rtlnc-e Ihut lime is shown 
in the following tables. There is no rtcrurate ro^-nrd of the nu'liil ontpnt of tlu*. diylrir.ts pre- 
Wons to 1902, but iho writer has colhy-ted the avnihiblc data, which are believed to be up|>ro,\i- 
niHteJy cornrct. 

For 1902 to 1910 the value of the production is ndcidaled on (lie bn.sis of the average 
selling price of the metals dnring the year in which they were jirodurcd. and (he same jdaii has 
been used for the earlier produelion so for as [wssible, though hi nuinrrons inslinices il inis not 
been possible to nscertiiin the metal output of a mine for individual years. Tjte gnuiral aver- 
age, however, is jirobably not far from correct. 

No account, lias been taken of the iJ'im ore eyed as a IIu.n fur oilier ores, which has been of 
considerable value but lius not added to tlie mctnJ output of (he district. 

Mtlal Ihodncfion of Ihi San Fnriciscaand I'niia$di«lru-1>, Vlak, to thi. (.hxc o/ J910. . 
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lod stntement. „f th. output of tho llurn SUver, Ca,-l„., -n,l C.rbon,.t,. n,i,,os, the 
>rodnc" rs of ,h« San Franico district, will l,o foun.l in .ho .le^np..on of .l.o.. n.uo.. 
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GEOLOGV Ayo ORE: DEPOSITS 01- THK S.VX F1U.VCLSC0 BEGIOX, UTA 
Mfi^i i^r^Hiiuiion n/lhr^-laraud Nnrlh .<{l«r rh^HOs, Utah, io <h.- rhse ,V lOlO. 



H, 



-r 

Yow- 


Olft, 


Goiil. 


Silver. 


rop|T«r. 


iAKlA. 


7-inc. 


Total vsJuft 




Ttn*. 


Fmtt. 
730 

247.ni 

40. £41 
71.03 
TS.-W 
:W.23 


Fiotez. 


/"OUJtiJt. 


ii,iK»,ooa 


Pa»nU, 


IMOU.OOO 




1,100 

2.SM 
4 liftl 


t(l. if] D 

-w, sot) 

3-(.ttfn 

HI. aw) 


12H.m" 

117, OM 

EH, 271 

141. .iSU 


r», i-iii 

656. .VW 

1.1 LI. ££9 
2. las, 4iiM 
2. 3«M, 102 


2,.W1 


17, OB 

iDT.ta* 

147,0^ 

171, 4»i 








101.0(18 




m.9m 


Sil.JO 


:i«,fBS *B, MS 


7.a2a.lHfl 


235. Ii5 


e«5,332 






1.331 


S34,»« 


^n.fMS 


w.eK.&*H 


3i5.li5 


l.7ftS,XXi 









Aw shown ill the ahovc tnblo tho ori-s sliippod from tho Star dist.rict. from L902 to i!)10 
avcni^'^Ml fthniit Hi oiinrts of silver to tlio ton, slightly aboro IS ptT uoiU of Icml, and nearly 2 
pel- (.eut of i!0))|)ci'. Kigmt>8 ot llio tonnage of oiv frojn tiio distrirt treated in tho oarly days 
av<- lia-kinji, but, lUM^ording to Huntley's report, already quoted (p. 114), the ore treated at I lie 
Shainitie snu'Uer iiverii.<;ed iibiud 2r> ounces of -silver to tlve toil and 25 per i.'i*nt of load, 

idfinl fifodwlvm fifths Btatftr Lakt and Roekn dkirlfU, Utah, la the close of t!)lO. 
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The eopijer ores shi|)]le^l from the IC mine, dr^ririf; its enrlier operutioiifl were of Ui^h gnule, 
but the (ue exlnieted durini:r I'lOli and 11)07 hud a much lower metal content. The ores I'loni 
t,hf Uoeky district wore relatively low hi copper, but eontained a Id^jh pou-enta(^e (d' iron, 
whieh niiuh' Uieir e\.triietion commoreially possible. 
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NATTTBE OP THE ORE DEPOSITS. 
GKNEKAt. KEI.AT10NS. 

The nre dopo.sils of llie San Fi-anciscn region are believed tn be of c&.^entljilly the same age, 
the deposition of all ihc nros closely fnllowing tho hitrusion of t!ie nuarlz monzonite. The 
marke.l dilTereiiceg in the dep(wiu nre pvobahly due to diiTerencos in Boveral factors, among the 
mm-e nuponiuU of which are (1) the- character of the i-ock in whicli the deposits wore formed ; 
2 the distanco fn>m the intrusive body, ^hie-h affeeted the temperature, pre^'.i.re, etc.; mul 
{■^) tlie tinie lu (he general period of mineralization in which the deposits were formed, tlio. 
soh.tions m the latva- port of the perind probably being of somcwliat did'erent composition from 
those dmt were active when mineraUzation begun. 

The character of the rock in which the dept^sits wcve formed w.is doubtless one of the more 

tZ oMho 1 ""-l" '^*^^'V"""'^ "'? "'''''^^ '^'^'' ''^ *'"^ ^l^^I^"^'^' "-I -- this basis a ela..ili.a- 

L nl ' t'"l •'■'" ""i^^'^"/ " -^^"^--^^-"^ f"^ the purpose of de.c.ni)tioa .nd that 
gioups Jeposils having a general similarity. 



NATUHE Of THE OHE DEPOSITS. hq 

LWcr aiwclassIftr.Uioii llKMtepo=.ils»f iheivgian may iMMlividcJ in 
(1) deposits m li.e .luuri/, mnu/.<„nto: (2) .ieposlts in \hv sedimentni-y rocks; (3) depa^its in 
the liiTrt Uows. 

DEPOSITS l\ THE QUAKT-Z Mt)NZ<)NTrK, 

The quartz nianzonilo litis \wen iiiinerniizcti at niuueroiis lociilitics in tUo. region, I>iil so 
far the ininornlizution has h.'on shown to he of coniiueiv-ial ini[.ortiiiu'.e at only two places— in 
the Crtctiis ore zone, in Cupper CJuleh, and lu the {) Iv ore zone, in the BeuvVr Jmke district. 
The dei>osits of (his type iire ehiinioteristicnUy copper doposits with s(.nie K"lil und silvor, 
thoii^'h veifis eurryiiig j^nlenii hnw hern opened in the quartz monzonite, notuhly n( (he Michigim 
iniiio and northwest of tlie l'"risc() (ontiut mine. 

MINERALOGT. 

jVllhough tho deposits of this type dlilor to some exltMit imncrnlogicuUv, theii ro<cnd)l»noes 
are fur raore strikini; Ihun their uitRTences. The most ahundant gangne niinerrds nrc the 
qinirt/, and serkite that huvi- resulted from tlie alteration of the qutuiz monzonite liy the orc- 
hcHring sohiLions. (See p. 74.) The sulphides, pyrito and ehalcopyrile, are common to all 
deposits of this type. In ollu-r minerals there is considerable difTerenee shown in the dilFerent 
deposits. Magnetite, heTnatite, tourmuUne. siderite, and «uliy<irite iire plentiful in the Cactus 
deposit but are rare or absent in the K deposit. Molylxlenile, o:i the other hand, i^ a com- 
nn>n nunoral in the O Iv deposit, but only a few snndi flakes were seen in the Cm-tus dejtosit. 
TIiLs tliirereru'-e in niincralogic composit-ion is probably dne in part to did'eicnt condiliinis inider 
which tlic ores were dei>osite<l, though it may also bo due in part to differences in (lie i-oinpusi- 
tiou of the. oro-bearing solutions, It may be noted that llic earliest minerals to form, tlio 
quart/ and serieite, together with the sulphides of iron and eoppor, were tlio same for both 
ilepusits, whereas the mincials present in the Cuelus deposit and not in (lie K depiwit wore 
for the most part of later formation (seep. 121), sugge^ling that the Cnctus deposit passed 
through a longer and more \aried period of iuinGraliza!:ion, 

In order to give a clear idea of these depi^its, which show a chise i-chitiou to (hM>osit.^ of 
wide rlistribution in the West but whieii in some ri>ipects are rather unusual, a detailed desi'.rip- 
tion of the niinendizatiiMi in tiie Cactus and K ore zones is presented l)('low, 

ORE ASD GANQUE MINERALS IN THE CACTUS ORE ZOME. 

Tile principal nietallic- mim^vals in the Cni:tus ore zone are p\Titr, chalcop\Tite, and hema- 
tite, with small amounts of tetrahcdrile, bornite, covoUite, galena, cnsalite, liinoiiite, goethilo, 
pymlnsite, malaeliite, and native copper. The imi>ortant gangue minerals arc srrieitr, (puirtz, 
cavboinite, tourmatine, anhydrite, gypsum, anil bartle, with small amounts of rulilc and apatite. 

Pyrito occui^i, together with other minerals, fdling open spaces between breccia fragments 
and replacing the monzonite. It is found both massive and in well-formed crystals. The 
ci-ystal form is usually a combination of the cube and pentagonal dodeGahodron. The pyi-itc 
is of variable im[K)nance in difleretit ptirts of the deposit. At some points it is the principal 
metdUc mineral, as near the machine shop on the ssixlh level, whereas at other points it Ls of 
relatively slight iniportaiKve. 

Cbnlcoi»>Tite, like iivrito. occnrd both as a filling of open spaces and replacing monzonite. 
It K usually "massive, though in the open spaces in the upper levels are seen many well-formed 
tetrahedrons of chatcopyrite (PI. XI, C, p. 96). 

Hematite occurs niost commonlv as micaceous crystals in the open spaces and inck«ed 
in the later minerals, though it is in part in more massive form inclosed m siderite and a.s.sociale.i 
vnth .ulphldes. It is also present in small quantities in the altered monzomte Much of the 
hematite is slightly and some of it rather sti-ongly m=ignetic. Uana statas m h.s System of 
mineralogy" that the magnetic property of some hematite is )>robably due to the odniLXlurc of 
magnetite. If this is true, the Catdiis ore deposit c^tntains eofisiderable mngnot. e. 

Tetrahedrite is of relativelv slight imj>ortance. That observed by the writer ^^^1^^^ 
Hnd formed contemporaneously\vit.h the later vein minerals. Bormte has been repo.tcnl fmm 
'be deposit but was not seen by the writer. 
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Ortlenr is icportud to luivc bep.n present in small ninoimfs in the high-grndn ore, and a 
littlfi wn^ mllccted by the writer tn.m the ycvcntii lovol of the- mine. It was deposited with 
llic Wtor miiien^ls (Wlito wr.s seen :ii Init. ono iminl on the sevcnih level. It wns depositod 
corm^inporaneously \Wth th.^ inler niiiimils. .C'ovellite wa<; obsevvcil coating obaltxipyrite on 
the fii-st kwul btit'is of no importance rt>^ sin ore. mineral. 

Limonite is abnn.hnit at the outcrop of the deport bi:l extendi only a short distunej^ below 
the sjrfuce. Mneh of it is in well-preserved i>soinlonu)qibs after p>Tlte und oarbonafe, but 
some of it is in fibrous botryoidid musses inelosing cores of ehi!lco[>yrito or lininj,' opon ciivitios. 
At Uic surfuce most of ihe (pntrt-/, crystnls iive (hovered by a ibin coating of linioiiile. Most of 
tbo limonite cnntiiins mimganeso. 

Ckiethitc wus noted in several spceimens in the zone of oxidation, as a rule closely associated 

with piirtly altered Mdphide. 

PNToInsiUi was not observed i\^ a pure mineral, but manganese is present in most of the 
lintoniu! in the zone of oxidation. Malachite is present in the zone of oxidation, occurring 
usuully as small, incj^MiIiu- musses of radialinp: m-stals deposited in open spaces. I*S3 com- 
monly it is in more inussive form iW\m*^ tho spaees'lxUween otjier minerals. 

Njitive copper is reported as occurring in tJie zone of oxidation but was not observed by 
Ihii writer. 

Serieilo, iho fim'ly nystijline form of muscovito, is a principal constituent of the altered 
mori/.onilc niul one of the most, abundant gungiie niiiieriils in Ihe ore. 

Quartz is an abundant constituent of the altered monzonite and also occurs in weU-fonned 
ei-ystaJs in the open spuces, being abundant in this form in the upper level?; of the mine. In 
inanv places it. incloses erystulH of toiimialino (see Pi, XI. B, p. 96) and hematite. 

Tourniaiirn'oerui-aniostubimdiintly as tufts of radiating crj'stuls projecting outward from ihe' 
breccia frugmcnts and in phicos inclosed in the hiter minerals. It is present in small <iuantities 
in the »:ateix;d monzunite. U is very tlark brown in color, appearing nearly black as seen in the 
ore. Ihuicr the miemscope it shows pleochroism from dark brown <o a wry dark blue. 'Hie 
tournniliae luis a dnn.sity between ;i.lS and 3.19, wliich corresponds to an iron lonrmaline 
containing l>ut littU^ magnesium. 

vSi<iei-ltc (tccuis in irregular masses with other minerals in tlie sjuu-es between the breccia 
iVngnii'Mts and to a slight extent in the. altered monzonite, Jt is an impure varie.|,y compose^J 
of an isomorplunis mixture of iron, manganese., magnesium, and calcium carbonates. A speci- 
men from (he seventh level analyzed by George Steiger gave tlie following percentages of the 
dilTerentenmptnieni mokMnles: Siderite.. o.'i.U); rhodochrosile, 23.9S; mognesite. 16. SS; ralcitc, 
2,0l>; anhydrite, ll,*)5; insoluble, 0,37. ^V carbonate probahlv varies considerably in compo- 
githui at dilfcrent points in the mine, but the above, analysis doubtless closely venr**sents tlie 
g(.neral couiposition oj tiic mineral. It is evidently a miingr.nese-mugnesiiim siderit<^. but may 
be refencd to simply lus siiiorile. The minimal has the typical rhombohedra! cleavage of the 
carlK>nal..s, 1 1 vanes considerably in color at different points in the mine. On the lower levels 
II i>i rutlier hght gi*ayislv brown, but locully in the upper levels it is dark brown. Tl.o dark color 
;s prob.,nlv duo lo .nc.pieiU alteration. A little carbonate occurs in veins cutting the sideritc. 
Ilii* K lighter colored ,in,i imd)ably contrtins less iron and more lime 

Anhydriie or.--ur< with oihn- nnnerals l»etW(vn tiio breccia fragments, usuaUv in irregular 
; u'"^"' \^'"t *'''"'"'■ '■'^''"^''* '■'' .^""^"^'"'- 1* 'i->^ '-leavage in three directions al riirht angles, 




■ - ^±.__i__iL_'?lJ'^^^<^^^^ > '-lj5, 1('7) and proceeds outward until the 
■ Lin^it^, v,ua«„er. A„i,:rOH» « , ^.r.i,.„, K«:Z;^«^7o.:7:T^;^:7^^ "^ 
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wiiolo iiiT.il between iho cloavftgo tTfi-t-ks is altprint, hi soino places white rrraniilar f?j^psiim is 
furniod, but cominonly the aithyib-ilc is convortor! into cU^jir pltitvs of solcnilo inclosing the 
juinenils originally inciosci: in tho j^nliydritc, (Soi^ PI. XIH, />. p. 106,) 

Gypsum, b<'si»-U's IjiMUfr present as pscu(k)niorph!i aiicr tinhytlrilt as just i.K>scril>ed, is abun- 
rbuit us voinfci of filn'ou^ iry|)siim Mmm^:;h the ore zone. In this form also it hius probnbly resulted 
in fmvt from the ii-UiM-utiDn dl anhyibilo bnlhiis boon oarried from itsorigimd position in sobition 
und dopositoil in hiU-r fissures. Somti g>'psum has doubtless resulUui from tho rojiction of 
siilpli'H'ic aoid with the. carbonate israiigiie of tho ore. 

Biiritt' is not ph'ntifnl in tho mine us a whole, bnt is ropovtod ;i3 hcitis rather abundant 
(issooiiitod witli the hif,di-jxrudo ore. Rutih' and apatite occur only in smnll cpiantity as mu-ro- 
scopic constitnent.s of tho altered nionzonitc. 

Tho diiij2:ram presciitetl in tirpn-e 1(1 ' shows tho relative period of formation of the principal 
pi'imary ore und ganj^ne minorjils. Three jjoriods of mineral formation inuy bo disting'uished. 
Some of tho niinej'ttla were formed lJironj:;hout tho time of de)>osition, and for some otht'i mincrala 
there is more or loss overlap in the s^'veral periiids wliich it ;s not always possible to estimate 

moro than approxiinat^'ly. Kaoii period, however, is so dislinjiuishcil by llie formation of 
certain niinorala as to give a rather clear-cut diWsion botwoen tho prinoi]nii periods of deposit!" 
The fii-st rtheiation in the nionzonito 

produced by the minorabzini:c sohitions 

was the formation of scricitG and quartz 

with lesser amounts of <>tlier niinoials. 

The altered rock itU oim tains snndl 

amounts of pyrite and prol)abiy chul- 

copyrite, tlvou^'U it is not certdin that 

clialcopyntc bct^au to form m early tis 

pyrite. HennUite or magneute is also 

universally present and doubtless l^egsnt 

to form at an early jxiriod froii^ the allor- 

atidu of iron-bearing minerals. Siderite 

is present in nil tJte. sptKumens of altevetl 

monzonite e.xainined, but from its dose 

ivssociation with the iron ore it is believed 

to have resulted from the alteration of 

hematite or nntj^netito and therefore 

be^-aii to form later than the iron ore. r- , . t- .i 

Tou mml",, is pvesct i., tJ.e sericiti.e.l .nc,.r.o„i.« but is very la.^.ly conllno,,! t,. fiss>,r,«, the 

K™ te^'nX^u'nmiine an,l tUe altered ™on»nite u.mlly bcng pcrfcoMy .!.«.,,, an 



Sericite 
Quartz 
Chalcopyrite 
Pyrite 

Hematite 

Magnetite(?) 

Tcunnaline 

Sidcdte 

Any-yiiritc 
Barite 



Betrinnir.g of 
minernKzation 

< 



End of 
mir.er«liatioii 
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l-lfiUl'.f; 10.-I>Usrnm s]m^i\k '.'oy rv.tAi\t pcjiotl uJ fummtion o( the priuclpftl 
orv mid runrui^ nilnnrate o( ih" eai'lus ara lon^. 



id in 



nic between the touimanne ana me uu^.- ■ „„„:,., ,,p,,<iials altiu-hed to 

n:.any places the two are separated ^^ ^^^ ^-^-t:^-: ,^:^ '^^^ 

U.e monzonite wall -^.^^f ^ -^;i^^^f::^ta oJ. Z^-e. a. it is J.anlly probable 
hav* been nearly compleU^d befo c the -^^ "^^ ^^^ ^^^^j^, ,^,,, p,„«i,-ateil and altered I 
that the solutions wluch brou,h ^ 1^^^^^^^^^^ The b.^innin, of , 

wall rock to any c^msidorable "^^tent without clepoiun uino- th. .lose of tJie ii 



bablo 

the 
Mie 

- .- ■ ''"'! u'Z^ZZ^e^^^ered as markmj^ the olose of tJie iirst 
deposition of toiirmalmem notable amoimtma> ^^ *^ "^ ' -^ xv;u; converted inlu sericite 

distn.et period in tUe alteration. In th.s ,^nod . — ^^, .halcopyrito, and 
and .[uartz and the dxm^e was aecompanied h} the -lepo-u ly 

small amounts uf iron ore, siderite, '"''' '^*"',°'"; , " , .,- ,^ .r (oumudine aiul hennitite in llie 
T1U.S period was followed l,v the ^-^^^^\'^^^J^ have preceded the main 
open fissures. In ^^oneral, the man, deposition ol '^'"';"^;; "j;;;;;,^,;,^,. Some of ihe hematite, 
deposition of hematite, much of whioh <^:""^'^'!;^ "'7; . ,i^„ ^^,^ n.uienils were bei.ig .leposited 
however, i. free from tourmaline a.ul it is P'"';'^";'^;"^^^^^ ^^^j,,^ i„ the e.irlv i>art of the p.-riod 
at the same time, the fornnition of toui-maUnc m.u. ^^^^- pimlcupyrite were .Jepositcd throusli- 

Sarvty, pi, J, iStilf [t. SMO). 
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out thjs neriod MHtiv »f the woU-fonne.i qu.iH^ oryslab prosei.t in the open cavities incloso 
branching tufts nf tourmaline, us sKnwn in Phtte, XI, B (p. 0*>). =ii..i are tho.-efore dL.tinctly 
later The .h-po-^if-ion cf Muailz c.nlinuea soniPwKat I.Uer than that nl tourinuhne aiul possibly 
later limn tluit of hematite. The second period may be considered as elosin- wlien iho impor- 
tant .k-p..sitit>rt ol quartz ceased. At tiic riose of this period the open iL^^^uros Ua<l l)eeii paitly 
liLlod with <iiiartz, tourniaiin*;. hcnmLitc. ehid.'opyrite. mid pynte. 

Tlie second porioti u'as tnliowed hy one in wliioh pyrite. (duUcopyrUe, tctrulu-diite, KfthMui, 
^iderite. tinliydrite, and barite were deposited. As hua been noted, the deposition o( siderite 
prohably begun much earUer, but it oertainly was not formed in coii.siderahle uniounts until 
after the depositi*>n uf tournmliiie and henmtite. and tlie hist-namcd n\inoniLs have in none nf 
the KpecuuoiKS examined been found to be Iftler tlian anhydriie <>r barite. In all iho ^^peciinens 
of totraliedrite examined, this rninerul was formed conteniporaTie<insly witJi tlie later niinevals 
mentioned above, Ehoujjh po-isibly it may occur as a .secondary mineral in the mine. The 
^^lona was ulso deposited vn the later period of iiiiiiej-alizfttion. Cosiilitft wa.-^ imted in only one 
apeoinien from the seventh knel, in which it wa'i formed contemporaneously witli siderite and 

aTihydrilo. 

At first it swnis didienlt to aecount for tlii-s uniistial a.syociatioii of luiuerals in the li^ht of 
present knowledjxe of tiioir iiiod^a of occurrence, «s determined by studies of other deposits 
and nxperiiuental data. 

Tlte alleration of tiie fiwt period, namely, tlie. sericitizatioii of the monzoidte and the depo- 
sif inn of sulphides with the fonnatioii of sinuU amounts of iron or« uiul curi)o!ULt<'s, i.s in i^i.tieral 
Hiniilur to tiio altnralion descrilied as occurring in uiany other loralitii's and may be attributeit. 
witii a fiood deal of lUisuranoe, to the action of jiented acfueou.s soUiti^niy that have separated 
from Liu* monzoiiitc inuKnia.. 

Tiie ulleralion of tho second period, eonsutint!; of the continued deposition of quartz and 
sulphifU's and in addition the dp]K>^itiou of tourmaline and hematite, may widl be attributed Id 
thi! Maine u^^onoy, thou^di (here was probably a ehanpe in the composition of the .sohitions an.d 
|>ossibly also in the phy.sical eimdilinns ur^der wjiieh the ndncrak were formed. It is hardly 
likely that the solutions thai elleeted tlie sericilization of the innnzonito could have carried a 
liir^e anuuud. of toiirmaline or iron in solution witiuiul depositinij considerable anunints thnHi^^Ii- 
on( the idtrred /.one. and it seems equally unlikely that tho later solutions would have been so 
fjettoridly conlhiod to the open (issurcs and liave entered and replaced tJie wull rock to do sii.i^ht 
an extent iiad the same physical conditions pei-sisted Ihron^di both periods. 

It seems reusonabiy certain that there was a ebange in the composition of the ore sohitiotifi 
hfiore the !*ec*>nd |>eriod, possibly iluv to furtlicr difTerenliatiou, ^^nd that there \v&^ a physical 
chan;^e wineli nniy t>e atlributwl to a deorea.se in either temperature or pre^.sure or boMx. A 
marked decrea.se in pressure would di-urense the tendency of tlio solutions to penotnito the wall 
rock, and if the temperature wo^^ lowered sufficiently to allow the solutions to pass from tlie 
-ivseoiis to (lie li(pdd stale, this tendoney woidd be further decreased. It does not .seom l)roi)- 
id>Ie, however, that the solutions dop.witing the tournniline were liquid as thi.s mineral is 
cluiractenstic of depo>.its formed at hi-li temperature, pn.bahly above, tlie ci-itical temperature 
oi wati'r. 

The lliird pevimi. dm-ui- which sidr.rito, anhydrite, and barite were dcposit<^d. to^'other with 
the eontumcd ucp.xs^tion of pyrite, dmicopyvite, and .small u.nount.s of other metallic n.innr.ils, 
would be most naturaily considered a.s a continuation of the first two periods, the chemical 




«m<litioiis. „s il ,ip,)t.,i,^ t.i I„u-e f„nu«l m tKU Ae^wAl 

^un^mno^M_V> . II, h,„„u.„s- s„y. that U oc™.-s in dq.o.il. which have formed at n.oderale 
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nml shallow at-pths. Tlu-ro is Uuio doubt that b.irite usuhIIv fornw umlor ^■o.uliliuns of less 
hoiU aiul piT^suiT thiiu inurmaliiu-. Tlic ^^ulphidos nvc kiumti to form on,!,-:- vnmiii: condilioiis 
so Ihat lis far as iUo minerals eliaiuctcnstio of tlio ttiiui pcn.ul thus far (iUnjs.sc.i arc ronccrnoa! 
it lui^^ht roasonably be supposod thai tUcy woit aqiositc-a by solulioiis thrtf caino from (iir yamr 
source as those dqiosiiini^ (lio (muIut mi:iornls. !)tit. un<!.M- wmaitioiis of less heal and pres- 
sure, iiiKl that had umleri^'oni' some cluuipo of composition from further <li'roreii(iiil.ion. The 
piTSonco of anhy<lrile in the ih-jinsil , liowevor, seonis in some ways ttpposi-a U> sueh a coiieJusion. 
Aniiydrite is apparently lunKsunl as a jiiin^nio tuiuond, only one other oecurrence iji tills eoun- 
tn- haruiji been d(>scribed— that in the Bully Hill distrirl,' Shastti Coimtv, Cal., where the 
physical conditions are believed to correspond to ihoae of the inidaie vein zone, namely, con- 
ditions of modcrflic hodt and ])ressiire. Experiments indicate that nidiydrite would "not be 
deposited from a coo]in<» solution. The experliueiitul data coiicerniii;^ this mineral have been 
summarized by Arthur C\ Melcher - in ai- article describing experijnenls to tietermine the solu- 
bility of cerlaiii ininernls at difi'erfMU lemijeratuit-jii sntt need not be vepoatc4l Iiere. The aecom- 
pariying diagram (%. II), taken from the publication cited, shows the chanire in sohibilitv 
ut ditferent temperjitvu'es. "It is evidonl from this diaiirnm 
that anhydrite, contrary to the generfd niie for nuiieraLs, 
decreases in solubility with increase in temperature, the 
decrease beinj; veiy rapid up to 100°, and (hat at 'JlS*^ the 
mineral is ])racticnlly insoluble. Whether those conditions 
exist in a complex solution sncli us that deposithig ores 
autl nuder considerable ])ressnre can not be stated, but if 
they do, hirjhly heated solutions couUl carry but very 
small amounts of anhydrite and there wonhl be no ten- 
(Icncv to deposit it as the solutions bccon\e cooler. 

Several conditions nniy be as-turned ntulev wiiich the 
mineral nuiy have formed. Fii"st lUid most naturally, it 
may be supposed to have cojue up with the ore solutions 
and have been ileposited hi the lissurcs together with itij 
aecompiinyinj; aiiuerals, the de])Osition beiu;^ brou^'ht 
about by a (iecrcnse in temperature anil pressure. But it 
its behavior in nature is .shndnr to its beiuivior in ihe bib- 
oratory iind its aocrease in soluhility continues to lii^h 
teuipcratiii'cs. this would not take place, as a solution 
that wns saturated at a hi-di tcrapernturc wotiia be Fi"«iiEn.-c..rvc,sho«ii,c 1ll.^«^)nblliIyo/.■.rlhyc!^llo 

below the saturulmn point when a lower tcmix'rature 

was reached; moreover, a solution ut hijj^h temperature would cany but very little aiaiydrite. 

Second, it nuiy be supposed iluU the ascendiiij^ on> solutions contained free sulphuric 
acid or sulphates oilier timn calcium sulphate, which reacted with calcium compounds in & 
region where the temptu-ature was at least moderately hijjh, and the resuUini; calcium suli>hate, 
beiri<|; nearly insolulile at sucli a tompeniture, was deposited. That free suli>huric acid was 
present in the Mscendinjj oie solutions is unlikely, for t!ie alteration itf tlie wall rock doi's not 
show its action. That sulphates oilier than calcium wert; present is pn)bable, but a source of 
calchnu to react with these sulphates in the ore zone to form aniiydrite nuist be postuluted. 
The lime was veo' larj^elv removed from the monzonile in the early stuj^es of alteration, as shown 
bv the analvses of tjio nUeied rock, and no otlu^r soiutc of calcium aside from the ore solu- 
tions themselves seems to be avaiinble, tnJess it is ossume.l that circulatmK soluluuis brought 
ill calcium Icucliod from the nmnzonite or liniostone outside of the ore y.ow. 

Third, tho unhydnte may be supposed to have beoti formed by dcscend.us solutions cany- 
ing cither culcium'bulphate 'm solution or sulphuric nx-id, which reacted with c alcium eom- 

" ' ^aU>u."l.7cT7h. ,.;^um.>K."«f ^ppcr^."sh«;,. Coumy. fed.: Bidl. VS. C«,l. Sun^y No, W VAO, p. («. 

Wotir. .\ni. Cheiii. Sot;., vol. m, i'tb), pp.iM'-*t- 
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"■ " noumlH ill the or. soiulioi«. The formation of .ulphatr^ minerals l.y .l.sconainjr solutions " 
below the ^.ne <.( oxulalinn has been .liscu^s..! recently by Kuusnmr, wbo has sbowu that 
twa m.thod. of formation of sulphuric nci<l are to bo con.inem -h:^t hat .t has rrsuUed 
from .he oxi<la.ion of sulphides at higher level.; socou<l, that- M is fho result o the oxidulion of 
the hydro-'cn sulphide of the ore solutions iit and near the surface. 1 he suli)lmric acul thus 
fomip.1 has subsequently lo.chcd back and mingled with (ho rusu.g solutions. 

In the co:ie of tho CucLus ore deposit, either of tliese methods iinght be cnnsulcrcd so far 

as the forraat-ion of «nhydrite iilunc is coneenuxl. Sulphuric acid formed from tht- oxidHtion 

of Mulphides mi^ht have reacted on liuicstoue, which is present a few thousand iVct from the 

pri-sent outcrop, fHnuin^' calcium sulplL.lt4^ In passing t« lower levels and rejrioiis of higher 

toiuperatiins the sulphate would become more insoluble and be deposited. The same result 

wouhJ be brou^rht about if the suliihuric aeid had been fornunl from liy<h'o;ren sulphide. la 

■ ■ either of the«o modea of formation the later minerals nnist have lonued while the ore zono waa 

still lit a moclemtely high temperature flud doubtless before tiscendin^' S(du(ions had entirely 

ccoacd. The descendini^' st.lutions carrying sulphate would meet the ascending' stdutioos corry- 

ij,!g hydrogen «ulphi<les Hn<l tdkaU sulphides. The; metals woidd be (h'poiiited as sulphides, 

while cttleiuni sulphate, wlicther dt^ccnding into a zone of ^ent^cr heat <)r formed in a heated ■ 

,• zone by rcHeticui of the solutions, w(tuhl be deposited u-s nubydrite. Sueli a formatioa of ore, 

;r. jia Kurisuuieha.s pointed out, wouhl bo likely to occur only near the surface?. 

:/ *• lindjircu," who fir^t eiiUed attentiou to aidiyiirite in this deposit, gives the following sug- 

• gestion* as to its orif<in: 

It in wufigeHietl n-^ a )>OK.-ihiIi(y ihut during the later pp.ri of niineralizatinn (ho unJiydrite w;is prfpipilated by ft 
t iflaciion boLween in<«n<!ir]^ s-dlutiona u( Kidiiini rulphitte and de^onduig «iIutir>iiK cunlaiiiiiiy ciilcium tarbonatc. 

The. formation of sodium carbonal* und pypsum under surface conditions has been 
.. ■-. ■ attfibuUifl to A rcnction between enlciuni bicrtrbonate and sodium sulphate.^ If the renction 

\ took place at ti hif^h temporflture, aidiydrite wouhl doubth^sa fm-ra. 

In considering the foregoing hypotheses (o determine the one most probably accounting* 
for the ore fi>rmation, it sc*ma th«t t-tu-trtin ot" them can be eiiu\iniit4'{l. }f it is accj^pted that 
ftnhydrito in a complex 4)re sohition in nttturo and in a simple stdutiua in the laboratory behaves 
^*' ' similarly, the theory that tho uuhydrite came up in the ore solutiiuH is nuteuublo. It nlso 

scenw doubtful that lime was pn«ont in considerable amounts in the ore solutions, for the 
alteration prodinwi by those solutions nowhere iiuiieiites that they carried nnich lime, but 
rather that they r.xtTtictcd luiie from the wall rocks. The siliceous difl'ereutiHtion of the magma 
with progressively decreasing calcium content, of which the ore dejiosils arc the final plu^sea, 
indiealea that calcium would be practically absent from the ore solutions. It is possible, how- 
ever, that lime nuiy have been taken into solution from the wall rock at greater ilept-h. If tb& 
-;; ascending stdutions did not chitv the lime it nuist have bee-n present in^ho ore zone or have 

*^''"" derived from de3c<>nduig solutions. As the early alteration of the monzonire resulted in 
s . \y^ removal of practically all the lime from the ore zone, tliere remains the hyp.)thesis that the 

luno must have been derived fi-om deseonding solutions. These would nu)st naturaUy be either 
_ _ sulphate or hicnrbonatn solutions. As the deposition of 9tdph;ites chisclv followed that of 

tourmahne and specularite, it is likely that the latest mineralization must have taken place at 
;, • cmisKlerable depth, and it soems more probable that descending soluti(Uis carrvin» bicarbonate 

r of hme would have found their way into the ore zone and reacted with alkalino sulphates in the 

rr. "''r *T ^^T ^l-r'^y^^^^^^ ^-h^n that solutions carrying calcinu. sulphate should 
have .cached such a depth w.th notable amounts of ealciun. sulphate stiU in solution. 

CounTv ('.d n'"'' T', ' 't^''^^^'' ^"*'^"^^' ^ '^"»^' *^"»"^i-^^- The anhydrite in Shast. 
Ska e'tZtnT V '' '^*^" ^*-P«^ited directly from ascending solutions, and it is not 
!:^ir!l^;:^!!!^^ un<ler co.ulitions known 

; ":.^;: w2;Ji: •^^^^'S.risir^lir -^'r^ J"™'- ^'"^^ '• ■^^^^^^i^^.N-o.^....,:^;:!;^ 

p>mwui9:r,Mu.. Bull. >.l.!l.Uoi.l.Surv-„yNq.«l,|flii,p.2M. 
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to be so different from tlioso iiiuitM- whicli tlic mitU'raU were ftmnod in uHtuiv. iMoro oxitiiiples 
»ro noodmt before gcnornliziUinn \vi)| he justified. 

Thi.' oiTS of the CncUis iniiin ?hn\v vn{\\vr msukoil dilF(.MV^w•^^ ii\ clinrnrlcr nt dilfrmit doptlis. 
On till' ujiper levels there is nuich more opni sprtce beMvf\>n the breeein fri\;;ineiit^ uiul thi* m-o 
iniiipnJs bitve very lar.iiely foniiod us !i lillin'; hiitwopii those frnj^iiicMit::!. At .u'retiter deplb live 
breccia frii^nent?^ nvo p:enoriUly sniulkM", (here is loss spftci- between thrni, juid tlui on; mincials 
biivo formod to a much {^'renter extent ns u rcplut'cnuMU. of the n\(in/jniitt> niul lo u. conespoiid- 
ingly li'sw extent ns n filUiiij; of opiMi spiu'cs. Tliis ehaaj^e of the ore with iuoreasiui: (h-pth is 
more fully discussed in the (Uscription of the Ctictus mine (p. 172). 

Tbrre k sdso a (liU'erenec bi niineraliziUinii in dilToroiit i)iu-ts of ihe zone that srenis (o 
correspond in a |j;eneral wuy tu the* ppriods of formation t)f dillonnit ndnonils — thut Is, some 
blacks of wrountl in the muie show slii^dif aIt«nuion l)y the ore sobitions. otlni-s slutw stroiijr 
scrieitlzalion but cotitain noiu- of thi' biter minerals, niul siill otbiM-s sluiw serifitizution and 
curry abundant lournuiUni' but do not contiiin the. bitor inineraLs. It is believed \\\ni tiiia 
difterrnee is line to the fael thai siii^bt. movements were tflkini; phcc in tlie zone durin;j: (ho 
process of niinoralizution and tluU (ho gou^rea formed ns i» result »»f these movrinriils Itavo fniin 
time to time deflected the niincralizinL;aoUilionit from eertaiu areas. This dift'erence in inuieral- 
izutioii is also more fully discussed in the description of the Ciictus mine (p. 175). 



ORE AND GAHGCE BHITIERALS IK THE K ORE ZONE. 



The primary oro iind jjantjue niinernJs in the O K ore zone are in ^enn-jd siinibir to the oai-lier 
nmicrals in the Cactus zone. The pruicJpal primary ore niinornN are pyrite, clialci>p>Tite, 
and molybdenite: the j^anijue miiiends are quartz and soricite. 

The qvrartz of this tteposit is in part the result of alteration o:' (lie quartz monzoiiile of the 

Willi rock and in part coarsely crystalline ..... , .^-r- 

qijiirt--/ that has been de[>osiled in open cav- ,,.<fw^''^^'^'^'-V->Vr^^ 

ities. (See Ii«r. 12.) The quartz of (hebifctor .^<^S:4^4^i^;:^v/.'-:v:-V-:=>^^-^^ 

type forms lui irrej;ular '*cldn»ney"-Iike 
body {hilt has been opeucil to the fourth 
level. Tiic dimensions ajid phape of this 
body viu-j' at different )>oints, but the max- 
innim diameter observed exceeds 100 feet. 
Tlie quartz is in lai-i^e crystals, some havhig 
a maxinumi diameter of 10 liudies, and many 
individuals 2 feet in len^^ih were seen. The 
body as iiwliole stroni^ly resembles a coarse 
pegmatite. lhoujj;h no feldspar or mica was 
seen. Extending from tliis body into the 
wall rock are veijis of quartz that divitle and 
sulxiivide t.ill they graduidly disappear. 
The quartz that hius resulteil from the alter- 
ation of llie wall roek is sinuJar to that in 
the Cuetus ore dejwsit (p. 120). 

Sericite occurs its an alteration product 
of the quiirtz monzonile, similar to that of 
the Ciu-tus mine. This alteration is de- 

scribe(i on page 74. 

Ohah.o[>yrite i.s present tosome extent in 

the "chijiuu>y" of i>egmatitic quartz, having 




miwl. an.1 «Ji«.Hl aoa niir.*ralir*a 'liwrt* tm«t«aiti. In Il« O Iv mi-ir, 
I. Pipe ol qoomiw; ■J.alu.>r«liiioiU''"i"'; ^. nwwoiui.': *.Uteh-Bnu/t...«. 

forn.od for the most part later than the quartz and <^u,jyu>, spaces between, tiie ^^^^J^^^^ 
(PI XVr A B) thou-h to a.li-du. extent it is inclosed m the qmirtz. In U o veuis «l qua.tz 
' ■ V ^' f ' ^'\ ^'»*^"^" ;" ^' -."-' ,, , .J relative proiK>rtion of chftleopyrUe is much 

extendmg from the mam body into the wall ^^.^ '"^ ^^ ' ^^^ J^ ■ ^ ^^, ai,t,,,ee from the maiu 
greater, ujid in geiierul the proportion ot sulphulo uicieases uiiu 
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FMbRE 13.-8ltMi'li iMM- ihB Hid ul «iD4ll quMte fulrJ--!'!* vein, O E mine, 
ihowInK iJw rekilhm o( tlulcoiiyrilB and molybdcntle. 



.lemioC ccuv. in a simihvr ™an„ev, o^upying spuco. hCw.,.., he ,,„„• t. cy^.l. PI. XVI, 
rV) Botl, the molyb-lcnilc and vb« ca.lnopyr.to .■...-. p,-ob.vb y be,.,,- onned . ,,he. same 
'-' ^'' " ■^ lime, but in Ihe .^mailer veins I-he molyb- 

doiiito shows ji tt-ntit^iioy to iormnttar the 
loniiiimtions of the veins (ii;?. 13), and 
where niolybtlejiite i-* iibuiiilunt chiUcopy- 
vite is iisiiuliy ivbseiil or scaree. In some 
placets niolyixJonite hii^ fonned ia fissure* 
in the ehiileop>Tite. ijulicntiii;^ tiiat in piir* 
it is the hitcr minerul of tlie l.wo. 

Both molybdenite and chaIcopyrit« 
are present as ori-^nnnl nujiei-Mls in what 
appeiu-s to be an aplite dike encountered 
in the lowest workinjx-s of tlie muie. The 
"dike" rock is i.-oniposed of quarta, ortho- 
clasc, ivnd the widpliides. The rock show* 
bnt sli;,'lit iilteMi-tion, hikI there is little doubt that it is lui tiplitic dike, though the deveiopraents 
did not (hstdose (.Iac rt'lutions cleaily. 

Srcondtiry alteration has playe<l itii important part in the formation of this deposit, but is 
discusuod on i)a};c 13t) and need not bo considered here. ' , 

STHtrcTiraE OF THE DEPOSITS. 

The two deposits of tlus t>'})e tiiat have be^*n sulficiently develojwd t-o reveal their struc- 
tuviil relations show many similarities. Botli are comiecf-cd with movenients that havo resulted 
in breeeiatio]i of the ro(;k, but so fiu' as detern\ii\ed not in exl^-nsive diypltweiuont. In form 
botii are "clnnmey"-like deposits. This chanioteristic is best shown in the K mine, where 
tlie ore chaimel consists of a. chiii\iiey of coitrsely crystalline quaitz closely rcsemhling^ in ijeneral 
structure a coarse pe^natite, thougli the feMsiJitr common to pegnAatite is not present. The 
rock surrounding this quarts ehimnoy has been tUtered (sei'ieilized) and niinerulizcd, and veiiw 
of the qinirtJ^ extend from the chuiuiey into the adjiU'4}nl rock. These veins split ui> info smflJI 
veiidets at a disiaJiee from the nxnm chimney. lu -general tlie wnJl rocks show a ;^nuJiial tU'crejvse 
in iho amount of idteration jw the ilistance from tlie ore eiiaimel iuereases. It is notjible lUso 
tliiit the wail rock near the cltiuuiel ia highly silicified. Munv of the fra-^ments of the monzonite 
in tlio qmirta chimney and iii the larger veins arc rounded in out-line and show pronounced 
corrosion by the aUerin^L; .soluliojis. The shape of the deiw.sit and flie cinn-acter of the altera- 
tion suggest that the quartz and tvccomponpng minerals were not. deposited in mi\ open space 
formed by dynamic movement^ but that the sohiliou dissolved tlie material of the wall rock 
luid thus gnulmdly euhu-ged its eh«.une). Later, n-s the chenuc.il action hecnmo les« vi^'orous, 
the space thus formed was filled by the quartz and other mijierals deposited from the solutions. 
Jt nmy Iw rocaUed at this point also that at the bottom of tlie O IC shaft there is what .seems to 
b*. an aphtic dike composed of quartz and orthocluso, uith eludcoim-ile and molybdenite formed 
contenii)oraneously, ' "^ 

ock hoa bcQJi 
sideru,ble fftnlta 

-„- „. .lave greatly 

In iln« .n.vnn«r t\. . }" '''^ fragments have the appearance of rounded bowlders, 

tt as largely blJod by ore and gungue minerals. 
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In (.he C=ic-tus oro /.one (-Iuto w.us no clianncl uoto,l where the soluMon had be^n so eon.pioto 
». ,n Iho quartz ■ i-hmmcy of (he O K mine, as the sohitions seem lo huvc been less conlinnl 
»,Hi as a rciilt the)' spiea.i over ... arirer urea an<l the m-lion was less vijrorou:. in anv one ehannel' 

In bofli ileposiU tiuM-e havr be.n slij-ht. niovernenls sinee tlie deiiosiUon of the ores result^ 
in- in eruslnnj: iuul slickousichn- of tlie ore.^ idonjr the j.hines ol JuovemeiU. The most important 
feature ot the niovemenis M.at rook i)hi,e before an.l dnrhi- Uu. .leposiiion of the ores was the 
furnialion ot unpervious -oii-e- that defloeled the ore solutions, as is uote.l in the description 
of the Ciietus mine. 

The seeou.hirv ulleralioii hy sMrfa.te waters in this type of deposit ha« been vanable. In 
the Cuetus deposit i(. hns been .sliirlii and below the IOO-fo<.i level has iiad hllhi effect exeept in 
Ihe fornmtion olfry|>snni. At the surra** the iron and eopper sulphides liave been al*ere<I to 
iiy.Irous oxides and earlxuuites, with some native eopper, and the mixed .-arhonrtte has been 
altered to hyih-ous oxide of iron and niansiinese. There im^ been prartieally no sulphide 
enriebmeul of the copper ores, 

In the O K mine, on t!ie otiier lonul, alteration has j];onn on to a nuicli jj:reater dop(.h. The 
sui-fiK.e aJteration has beeii similar in eharaeler, tho iron ami eopper sulphidea hmn^ ultered to 
hydrous oxides and earbontites, thouf,di muidi of tlio eopper i:unlent has been rn,rrie(l to lower 
levels and reiieposited hi a zone of sulphide enriehnient. The enriehiueiit of the doia)sits is 
more fully disetissed in luiotlier phiee (p. Vy)). 

SIMII.AR DEPOSITS IN OTHER SISTBJCT8. 

Deposits sinuiiir to those described above have been nolo<l at. sevond widely separated 
points nnd ii brief summary of them may be of interest. No systcniatic iiltenipt has heeu nnide 
to ineliide references to all deposits of this eharaeter that luivo been described. 

A nundjer of quartz-tounnabne-ehah-opyrit« dept^its similar to that of the Cn«tu8 mine 
huve been described. From a sumnnuy of such dejwsits by Liiidgren ' the followin<; is quoted: 

III tho type of vcias <liif(iii.q^ii3hc<! by a ^tingue of t<Hinn;i]in« ami qiiarlK the cuiintry r>c)t in g^ncraily Bulijec? tu 
cIriiij; iiH'fiiS'iiual if fhaiigef. The vein-furraiag nircnf;*, whirh eoutaiiie<l boron pjid t«>iiie flunrim', apijciir to Iiavo 
aUatketl tlieaitjciTiititrrnck stmn-jly iinH (-aii»Ml si moretir Ipss c<;mplclc niotisumiilji: cunvcmidn into tnunnaline. Von 
Gnnlilc-ck ' has de«?riljed an nccarrence of tliis kind frmii Tanujni, Cliile, in whicli VfinB cnnt4nninff O)i>por ores cut 
5:ilil'io ivrul p:»rpliyrite»». The t')urmalino is hero not <n\ly present in the lilling ot Iho tKiure tjut ia alao disitritmted 
(liniiiyli the iidjoirihis ectimtry rrxk. A further n)n(jil>ation to the kiiuwlwlge iif \v\ub (-.myiag Iciirmiiliiii.' sniw given 
Lv A. W. Stolzner* ixi bis tieMcriplifn oi oceurrencts of iliia kind fn-in rhilc. The vkUh exnmined, /rxm Ihe mining 
(iistriitot Las Conden. !K) milcw eiisti*! Sftnti-u?). cmi'isttif gnmileaml Krecaiwh piirphjTitic rucka, which the nulhor ia 
iiK'iinctl to ciniHider hj« iilten.-*! ande^iitcs, TIih vein 'itiing tt-aapynle, (-hiilcupyri tc (|nnrt?., inxl a ^ko-p [-■rmw niiuwof 
t-mrntiliiie aeeiHe^. liy a sjHVMllf-gnivify sepanUiua nf the hil'cr, Hlelzncr olilained, jis n rctndae, zirc.ri in \ve]\- 
tle\t'lope.l (Tvata-ls, nc well a." i-p*'- iilarilc- ;md anatsu-n. Thu ziroon i« probably dtiveti-jie*! inidcjj- tho inniieixT of {lie 
vfii:-/..riiiinjt .'•olLitioDJ'. Ihe aiiiil.i.-*' and speraliirilf tiiiile rcrl^iinly ?-■. -Again the fuel h fiiipharjiKCci Ihnl thu aJjuiiUDg 
et'uritry r(Kk is l)Ieo,eIic«l and tilled with pynto and toananline. 

Dr. K. Uiiftuk* haw reeently de^rribed t-lie ata-iferoii.^ qiiartu vein i.f riL'-a;,TnK in Jfinnii tlonwa, nrazil. Tliis 
vein, which Hos, parallel t-. Iho slntti(iciiti«n, l«tween inira whisl and Habiridi (lu-niatite-niica acliist), .ihnwH a lillins 
of(piarlz, 1i.nrmft!ine, »iidttrs(-iLopyrit«, witlipmalk-rQuanlitiesofpyriloand pyrrhulile. The arataopjTito isHlmngly 
lurifcn.ns. \ verv iiUere^'in? feaMiro is tlic (K.Pi}rren4 e of zircc^ii i:iid mouazilo in the . n; fiiniied apiwrontly wraalla- 
■p-.tiKlv with it 'llere l^t tiio loumialine is |)rcsent in the adjoining roiinfrj- r^rk. Mn8it>vito ur soricito i.-* iilwi 
dp«rihed iUH very plentltal in tlie .-chiFtoHt^ n.ck adjcJining flif vehi. < Vrtain m-afala of andubimto, occnrring (oj, 
incliwi<iiii<*?) in the vein, P.re completelv altered into reriette, rntilc, arsenopyrite, and pyrite. 

A|,iun, >^imV.ar, h-iKmts have been ,"Uv..Til*d;r.im Meadow Lake, .N\.vadmVmnty, Cul,' where gra.a tie aad dion&c 
rock, conl-ain fi^uuro vc-iua uilh pvrite, ar..'nopyrik.. pyrrhnlile, zinc Monde, and variotn v--.-,.r»lary (.>p[-r on.'-, m.h- 
c^.tir,^. primary .■l>alam)'rite in a'ffw.gae of quart/. :'.n<I toannalioe, with which .>».. yr-Ilew ep.dote i. nanally ^^• 
cw.,l. (^lolnrile is fll" tnuimun in the ,.u,,ae, a« well a. a l.i.n™ n.i..^, pn.lvtbly laeUU.. A M-^ mi.-a ar.d a 
li U!,. ruKite were .1*. oh.^-rv.vI. b. c.,ni^.^l to the n>-aally rl^uriy dcll-ied ii^n^ vch,« c^ the pdd belt o. ( ahf.mia. 
h. which the qaart. filling i. tlic pr«<h.ininanto,^. tb..-.^ vein. sh..w v.ry irr.j,.!ar and nndenucd walb.. and it .« We^ 
that the minJml-f<.nning «.I..tionL r^ along vt^' nam>w ti«ai«. fn.m wl>R-h_tbey pen.t^tcd mom or Ic^ deeply 

• Zilttchr. f)iMib*h. KTol. <M'>4-li., voL a, IteT, p. JSi. 
'Zat^'tir prikt. niwtoetf.lWZ, p. 41. 

<■ Lto.J|7«n, Waldrm»i. Am. Jour. *■!., U ^., vol. Ifi, SeptMnbrr, ISW. p. 201. 
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^.■Vm'.' i.i which chev upper, ^lui i\^o presence of ^.armalme und :ipati.o .orUinly ^"i:.^c.,.(^ the.r oI.x^> 1. 1 .'.,«..,..] .ip 
tonorrmil CA.sHUmlc v«in^. T!.e cmnlry rortc i. u normal ln,..dtegr.mite, wilh oHh,:ch.v muTo..hno, an.! nl,....-!ase 

and .... ..ii,.n>vit. Tlu. alk-m-mn cxI-.Mvb for *=cver»l iVc-l ..^d t>.th .IJc-n >>. the vcm.. and all (ru:.it.on« ;.„- plainly 

visil.lp Thf timt r^rt nf the- pr-^LX-^ cT)n.s..^U in « p-riplH-ric .ban.- nt l)i..tWe 1-. Rmscivile and a lirilc t-pidolc: Ibcu 

tlu-ic-UId}««;mabi»liUian.Miilirelydm.mp..><:':l. Ti.e rL^-tul':is iiiiw-vit^ qiiuiU, <-af<-it(>. nilile. /.irr..ii. and .^.[Kiiil,:, 
tIielaU«r LwoinjLallm'il liiitD.n.ititiitiJis L'»i-" mily iimttirial rcn(i»!>iPi,'T irewli in.m (he iinallerrd nn-k. A lU'le iiu,.riv*, 
L-halr-pyrit,-, .r lj<ir;iiU; w al-^-oci^i-nially pn^-nt in ihe pnxliK-l t.f alieruli-;.!. I<«?irdcd iniin a chemical sundi>sint 
the pnjvL.w i't mjt.:Llway.M Mi...suiiio. Soinulimcs aeciirdiny lu V.t^t. j;iilk*U.ii.-t i« iwldcd : Wimotinici; tokfri aw-ay. Q.iartK 
fjijiyoii,isL..iiuny prevjil; «t oilii-r pljK.-en niii.-^tJviLL' prtHluniir.itei. Pmf. Vc-gt (-^[Is HiisalU-n^ rock a -ri>i>eii, hut the 
pnKv--i nf .il'jTiiini -M .U-^ rihi-l by him i> >j in;arly (hut ol ordiiiao'sericili^- leplacenieiit Ihat i( iiuiy h*- cjuo.-rtit riablc 
wbi'iliOMLwLiiilf! n"L);f U'li<T t:)re.«TVp iin,' l*miyrL-ii*oii I'lT Ua- clianu-terifJieriM.-k iicconipuriying Cbe c-i^^iteriti' vninn. 
ThtfpnjCL-.sji-'i/urmation in tho catci.i riic Teltjnmrken \'.;iiin wa.-* tm.hahly iiol carried nu under I ho extreme coiiditmas 
aLtijiidiiitf tlie iinrmal cii*iiU'rite voiufl. 

Liiulgrcii ^ has ileseiibcd similar deposits in the BIuo Mountains, Oro«:., in part as follows: 

Tlie tiiunuidiiiL' lyiMj id liiardclorizcd liy clintt'opyrilc and j>yrit« M»;;<fUlt.'d with agnnsiiie of quartz and toiimmlme. 
The dop ^i1.- ionn fut'iini vfiiij) «r irregidar nipkivnicnlN prulwhly L-onnecl^d wilh li.'isurL^a, Only two ropiT;"^.'n^utivw 
of tlii.H ty\to hftv>i ln'(!ii fnund. 

Till) Co]i[i':rrii?<.ilis [uiiio, ti:i the e;ist fork of Dixie {'ret'k in the Quar[/.l;;i)-g dislrid. id Ihe firwt. Hrown Iibmu3 
UmiTriiditie (bltu; tt:id Imiwn ill thin soclioii) is uuiniai.^y iiitofirntwn ft-ith qiiirl?,, cniilaiiiiug \'ery almndan!, inoslly 
ruiiiid !U[uiKnia iTirh].-iioii-i. Thu (lUiirtz Lh iri purl iiormul cfKU'Ho vf.-iii i|(iorlz, in part icliomurpliic, in parfjfiiier-gr.tin>_il 
itll<>irionmT]iliic. Tlio XaVvt iw widl ii.h the inloniiix- il diriy-browii touriiratiiie \vf;re fonut'd by replatemeut of Ihe 
CviHutry n;il;, a diahiiwt. Thw rhrdritpjTite is inten^rown wiih qiuirlz and tourn-'iililK!, 

T'litj Jew-it; vein, in th>? Minend di-^lrirl, is Uk .■"(-'■ynd. Vh\» [« a li-wim' v-in iri ffiin'ilc. acconipaTiit'd in ilie hariginj* 
Wall liy a dike of haai:i. The vein matter in a blark tT-^^ni^ae with nr^^ive Y»yri'f' mid chalcopyrile. Thin Hfciioan of 
^ llip i.rc show II winewiml iiiterlurkiii^, 5':driy i^raj>'tj ii^Tt?sali: o; nuurt/,, > alrite, and ddloinitc, all in anhfdml di'velitp- 

niful. Inaddir-.m. a niiin?r;il whiiii ^To^idy rr-wrnnhk'H vci^iivknite in pR-Mtint, alwicblorile and an acit-nlar or prisnunic 
bhii' or dirty-br.iwri tmirnubne. Thin H(»wl-):n»y lauwll^r of sjieculai-il*', sin{;)e and iu Imnihe.s, an- emlM-ddf d in btih 
i\wi-\7. und lalciUj. In Inuwlncenr lislil, llic tiiirc plak-s urt. deep red. Pyrile and rhalwpyrile ar*? iiittrgrcwn witli 
qtiiirlz, totin.ialiiiP. mid sf^i^nilarite. Tin? onj hi" i^^en cnit^hed. antl aloriij rbe r rackft; catcite has infillrattd. 
j This liiinenil (i.iiubin.iiinn is v ry reiimrkablc far ;i (l-.-iin:- vein. KripcciKlly is the ix'cun>'n< .) of specularilo nole- 

worihy. 1 1. omphiu^iw^ tlic opinit.!i givoii in aimfhur iihic-ii ' ilwt ihe tonrmtLlini! veirm are us a rule conticelod witli 
dwjvsL-aied pr.»L'-«o-. uiid f.»r.iK'd under higher prcswire and tennvniUire than ordinary hydroi.liernial ?old and i^ilver 



I 







veinH, 



Tho roppoi- deposits owned by tlie Braden Copper Co. m the provuice of ()'Vrig<;iris, Chile, 
arc of tills gt'nerul Lype. These deposits hare been described by Yciitman,' who says: 

The ore l>»diej. .v<«r an.und the ponph.^ry oi ih^- cnler in tliP andef-itc, at its contui-l witli Uio Uiff. Those o^our- 
rontw repro-.iu mid^-^iU-, ,vhiHi u- mom or U-^ shattered and near the contact of the tuff qII^mi onsideniblv hrecrialed, 
caiTviny t'lO i-oppi.T mill, .nils in il-^- it.l, k.i;iji(L «[>.:.iiinj;8. 

The .nh.er.dwu.dvp.«.i,.d after ll.e lime of Bmav,.lramedLsturbanre,MnrinKn!erl^ 
and .. ,M,ne,Mene.H.« m .le^■.^p:^eat.■■ The nnnemU maki.« up tl„. ore have l«on d..-r>..i.ed fron; ascending ho. 
-n Kn|«. „m,.Iy hiiv>^ <-r..k. ur r^.pW-ir:^,. :*,»ve of ihe eon>.lifu.nt nun.r.l. ..f ,lie and*..;t.. The rieher portion. =.re 
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The. .vritor has seen no do.eription of u deposit that closdy c.rnsponds to tiuU of tlio K 
»,ine, where u clmn„cy ot (K.^niatitic quart. co.Un.ns sulphides .uul Ls surrounded bv an area 
of di-ssennnated sulphide. Both ihi.^ and th. Cncln. dqiosit arr. howover. vPvy .-lo.clv allied 
to the type om.no.ily komvn «s dbscn.inatod deposits, of ^vhich there arc nnnuMous examples 
lu the ^Yest. 1 lie general eharaeter of .ueh deposits has heen oulhned in the descriptions of 
the nnnes and need not he repeated here, but the fnllowiu- refereneew nuiy be made- 

The dissemmated dcposit.s of tlie Bhigham districts, Utah, have been deserihed by Bout^ 
well.' The very similar deposits m the Ely dislriet, Nevmia, have been desrnbed by Luwson = 
and those of the Clifton-Moreuei district, Arizona, by Lindrrren.' The di-^seniinal^d deposiLs 
in the Globe dustnct. Arizona, which are el.wely iiUied to those jnsi mentioned, have been dw- 
cribed by Ransome/ Tolintm,' and Hiffgins." The very similar .lep()sits of (he Kay dLst.riet 
Arizonu, have been described by Weed ^ and Tohuan." The siiuilar deposits ui tlie Santa Uita 
district, New Mexico, have heen described by Graton.'^ Many other deposits of this typi. have 
been noted, but the references given aro suiricicnt to show that they are of \ndespread oecurronce. 
All the deposits occur in silieeon.s rocks, citlier schists, raonzonites, or some closely allied rocks. 
These liave been fractured and higldy altered by ore-bearing solutions. The fissures are filled 
by veliLs of quartz and sulpiiido.s,, and gi-ains of sulphides are also disseminated through the 
altered rock. Bot.h pyrite and chaleopyritc arc usually abundant pruuary sulphides. Tlie 
commercial ore is as a rule the result of enrichment. 

DEPOSITS FORMED UV THE REPr.ACKMENT OF SEDIMLNT.XRV IWjOKS. 

TYPES. 

TiiG deposits oeoun'ing a.s replacements of sediinentarv' rocks may he sepai-ated into two 
types, contact deposit-s and roplaeeinent iissurc deposits. In tJieir Ij'jncnl development these 
typos are leiulily recognized, hut there are all gradations between (be two, and it is (liHiiiult to 
determine to which typo some deposits should be assigned; In fad, they pus.sess some of the 
character is lies of both types. 

CONTACT DEPOSITS. 

Tlie typical contact deposits occur as a replacement of the limestone near the quartz nion- 
zonite eontjiefc. They are irregular in form, in genera! following the irivgularilies of Ilie intru- 
sive cootuct, and the ore mineruis are most abundant within a few feet of the igneous rock. 
Deposits of this ty^ic show great diversity along any one contact. At some points the limestone 
has been almost entiivly jiUered to amd leplaeed b)' contae! minerals, whei-eas at other jjointa 
along the same contact there has been little development of conliiel minerals, the change being 
simply a- erystftllization of the limestone. 

Copper is the important metal of these deposits. The characteristic minerals are pyrite, 
chiUcop^Tite, magnetite, and hematite, rogether with silicate minerals, of which garnet and 
diopside are the most abundant, though vi^uvianite, nuiscovite, epidote, clilorite, other ailicatm, 
and Huorit^^ are i>rcsent in varying amounts. (Si^' p. S5.) The silicate minerals Jiro nhvuy^ 
abundant in the deposits of this i^,^^e, hut the iron oxid.-a vaiy considerably in diltViTni. ili'[H>sils. 
In the Imperial mine thev are of relatively slight importance, hut in the Old Hickory di![i<>sit 
the ore is composed largely of magnetil^^in fact, the liigh iron content has made it possible to 
handle the ore commerciaflv. In (he Skylark mine of the Utah United Co. niagnctitx> is likewise 
abundant . but in the prospects in the northeastern part of the Beaver Lake district it is variable 
Uiough usually in small arnoauts. ^ 




5. G«ol. Sun-ej- No.uS. lOlO, p. W5. 
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In some pliiccs there h;is bopn it slight lissunng; aftor the forniution of Ihc contact minerals 
and in the fissuiTS have been deposited pyrite, chrtlcop>Titc, quartz, and Jocullj-, orllioekst/ 
(SecPI. X, 5. p. 84.) 

Sccondjiiy alteration has been \'jiriable, dependinj^ on tlit! physical conditions. TJio sul- 
pliides hfivc been altered to liraonitc and carbonates, oxides, atid siHcato of copper. Soeondary 
siiipliides of copper hiive iilso been formed to a slight extent. The ore that has been extracti>d 
from the Iniperijil mine wiis the product, of secondaiy alteration. The deposit is, however 
massive, and secondaiy alteration hiis extended only to relatively shallow depths. The Old 
IJiekorv'' deposit has also undergone eemparativeiy slight secondary aUeratiou, but in (he 
Skylark and other prospects in the uorLheii«terii part of (lie Beaver Lako district sccoudap' 
alteration lias been pronounced and extends to the lowest workings opeiitid. 

REPLACEMENT FISSURE DEPOSITS. 

The second type of rftplacenicnt deposits consists of replacements of the. sedinientarv rocks 
along Jissnres. In the ma^isive limestone deposits the replacement may occur rather nni^fonnly 
in diflerent beds, prodiicijig loeally a rougldy tiibular deposit parallel with the fissure. Where 
the acdimcnls are of varj-ingphysical character and tliemicaJ composition, however, tho ore depo- 
sition has ex tended ou t from the lissure in 
eertftin beds for considerable distances, 
thougJi adjacent beds have suffered little 
if nny replncemeut by the ore minerals. 
>t^^S5--' -iSSB^S^^^^^^^^^^S^viWJ '^"^"^ selective rcph^.cement of the beds is 
Si:^- ■ -^^'^^S^^SII^^^^^^WWmi N P^^'^'^^b' (Iii<^ in part to differences in the 

physical character of the beds and in part 
to cUll'erences in <diemicnl composition. 
The tabular development- is per- 
haps best shown in tho Mammolh mine. 
Thi.s deposit is in tlie massive Topache 
Jimestcne, and though it slunvs a pro- 
nounced swcUing or extension into some 
of the beds the intervening l)eds also 
have been replaced to a considerable 
extent. The replacement along certain 
F>a.«H^,««,..^^,,„^^^^^^_ ^.^ beds is well .shown in the Harrington- 

«.u«^ticn«r.h.„n.ft^„..,.., tz«,,^^t^^7^^^^f^^^ Hiekoiymine and in tho mines under- 

Ked Warrior and Moscow. In these 




h ^T f " "^^""•*'=' h'^^^>^ inrougn me siialo tiie cHar- 
00 tight and relatively impervious to the passage of 



solnt:ions. The orc-hcarincr solntm.w .i ■ "''i-iivoiy impervious to the passage of 

forced te spread out nZ^^e^h imd tin, "'1 ^'^/T""'^ '''' "^'^^ ^^^ '^ ^^^ --••-- 
A similar formation of ore bodies bpZl K , f T'f ^^'' "''*'■" Pcnneable beds underlying it. 
West. '"^"^^ ^^"^'"'^ ^hule beds h.s been noted in several localities' in the 



had an inlluencfl on the fonn of 'a^Zo!'a -f ""^i^'^ composition of the beds has undoubtedly 

nartzite, and sihceons shales nnd limn , "^ ' '.^' ^*"'"^ '^ '^*'^'^ "P ">'' interbedded hmest^ne, 
toiK^ Hno oil: !_ , . . "'^'^ '""t-sioncn. Ihe main r^r.wl.,..^..;*:... i, _ _ i ■ ,, i--._ 
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V , ' """ ^'"<-<-^o"s shales nud limestnn-^^. 'n ■ ^' "" iiueroeaaeci umeswne, 

stone, the sUiceous beds bein- verv .lid -u /*^*^°^^>n ore deposition has been in the limo- 
heds may have had scnn.. ciTect on thM ,^ ^.^^P^^^od and though the physical charaeU^r of the 
Nvas tlu^ controJlmg factor. <^^'P-^^t,on it .s thought that the chenucal composition 

v:ir>-ing ^mount« o?zi^l'^nd*ip,!:^'^;^^ '^^'^ load and silver, though they co 

- '^^'^'^Po^it^ We undergone extensive secondaiy a 
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tion rtuc! but few ol tho ]iios.'.nt (lo\rlopinonfs Imvo clisdosnl tlu' priman- ore, From (he infoi- 
tnntio?! at Imnd, however, it niAv be staled wiih eonsidond)le certuinlv tlu-t, (he chief primurv 
luincn-ttls wore pyrito, galena, eh^ik-opyrito, ruid sphalerite. Tlie iirineipnl gtingiie mine 
ciJcito niid quartz, silicificjUiDn boiiig the typieal :iUcrution of the Wivll rock. ^ 



pri 
Tals were 



SccondHry alteration InxA \Hm\ o.\t«ii«i\-e in tJie (leposits of this typo- and, aa jiJready stiUerl 
the main output to date has been derived from seeondar>'ores. 1\^ melidUe minerals of these 
orod are typicidly hmoiiitc and carljonule ol" h^vd, tog-other with vaiyiii^ ninouiits of rurhoiii.tes 
i-,nd silicates of copper and zinc. To si minor decree the sulphate, "of ie.ul is present, together 
witii sniiill amouiUy of more eompk'x sulphiitos. phosphate'^;, etc. 

TRAKSITION TYPE. 

Deposits tluit may be considered as constituting: a transition type are formed us a rophice- 
ment of Hinestoue alonj^ fissures, like tlie rcplacoraeut fissure dejio-sits, bnt the alteration of the 
wall rock hits vesultexl in the formution of minerals simihir to those oecuiTing in the contact 
deposits, namely, garnet, magnetite, fluorite, museovite, etc. These deposihs occur at no great 
distance from tlio igneous rock. Such dejiosits aro present in the Wiltl Bill and Huh mines, 
where, in fact, they iner^e into true contact deposits. The narring-ton-llickoiy and Moscow 
niiaes may alao be considered of this type, for they contitin contact minerals in consitlerablo 
amouQt, but as contrasted with the Wild Bill and Hub mines (liey ap])roach the icphvi-ment- 
fissiirc E^-jjo rather than the contact type. TJioii*ih Ihe leplaeoinent deposits in ae(huieiits aro 
confined mainly to the limestones or liighiy calcivreous sedinu^nts, some ore oeeui-s as a reph»ec- 
ment of riunrtzito, the general relations being similar to those of the deposits in limestone, 

SlUILAR DEPOSITS IN OTHER DISTRICTS. 

Replacement deposits in sedimentary rocks closel}' associated witli j^ranit.ic, nion/.onilic, 
aud <Uoritic intrusivesi are very abundant and widespread and an attempt to suuiniarize such 
occurrences would be out of pluce in this report. St»nie of the deposits ihat- have been more 
carefully studied huve ah-eady been mentioned m the di-scus^on of contact alteration and it will 
suffice to call attention to .some of the near-b}' deposits ol similar character. The replac^ement 
fissures in the limestone in the Binyham district,' wluch ore bo(b silver-lead and copper, are very 
like thfi deposits in the San Francisco i-egion, and the same id Iruo of tlic deposits of the Tijitic 
district,^ the Park City district.^ and many other districts in n»h aud iidjacent States. 

MlXERALLiS-ATIOX IN THE I.AVA FLOWS, 
LOCATIOH AND GENERAL CHARACTER. 

Thw mineralization in (he. volranic rocks that to tlie present time lias been showai to be of 
commercial importance is confined to two (h-posits on the cii.st^-rn flank of (he vSan Francisco 
Kuuge,_the Horn Silver and the Beaver C^arbonate. Jfineralizftliou in the lavashas taken place 
elsewhere, however^ and it is possible that other deposits of c^inimcrcial value e.\ist. 

The deposits are of the type kuowai as replacement fissure veins, in which the ore and gungue 
ramcrftls in part filled open Lssuics and ux part replaced the rock adjncciit to the fissures. h\ 
the Horn SUver deposit the ores occur in and adjacent to a strong north-.sonth fault that lias a 
displacement e.xe.eedin<r 1,G00 feet. In the Beaver Carbonate deposit the mmerahzation has 
occurred along an east-we-st fault ol" undetermined displacciueiit. 

ALTERATION OF THE WALL ROCK ADJACENT TO THE FISSURES. 

In deposits of this tvpe the rock adjacent to the. fissure lias been highl>; altered, though (he 
two deposits mentioned sliow considerable difference in the ijiteasity ol this alteration. 

The alteration of the lavas adjacent- to the Horn Silver ore deposit is m a general way smidar 
tu that described for the lavas of the district that are not an-cctly ^-"'^^f j; '^^^^^^T;^^^^^^^^^ 
(Se_ej ^S.) Itdi ffei-s, however, in uxtensity and the final i^sult^sh^^ 

iS?^^V^ "^^'■''^- " '•''' ''*"^^' 

"*■ 'SS,Ti:.co,o.. a„a 0. d.p<.as «r .1. P.. ei., d.... nai. ^ 



132 GEOLOGY AXD OBE DEPOSITS OF THE SAX FRANCISCO REGION, UTAH. 

ode difference The simaarit-r in the ftlt^rutiou is shown by I he progres^sivc removal of all the 
widM except silica, without uotuble additions olhi-r tlxaii metaUic -sulphide.^, sulpli.uitimomdes, 

and the sulphate I>»rite. ,.,,-. i • < , . 

The feldspars are first sericitized and where the altoraliou has becii more intense t>olh (he 
potttfili and aluminum have beeu removed so that tiiere has l>ccn no formatiou of alummum 
fiSicfttes. The iron of the feiTomHgnesinu minerals has probably combined with sulphur to fonu 
pyrite, which is present in oil the altered rock, but the other coustitueixls have been carried 
away.' The final result of this alteration is a dense rock composed of finely crystnllino quart*, 
usually containing abundtint crystals of pvTite and in places a little barite ami scattered zircon 
crv'stids. \s exposed in the crosscuts from the main shaft to the ore bod3% this intense sili«ifica- 
lion his extended 100 to 125 feet from the faiUt plane in the lower levels of tlic mine. (See 
PI. XXX, p. Ifi6.) This zone was not seen by the uTiter below the eleventh level, but it is reported 
to extend (o the sixteenth level, the deepest workings of the mine. Jn the upper levels it was not 
possible to determine the csxleiit of the sihcificd aone, but it is said to be much less than iu the 
lower levels and does not show promii\cutly ut tlie surface. This siljcified zone lorm?; the hanging 
wall of the ore body throughout its ext^Mit, a-nd where the ore gives out on its lower side, as in 
the north end of the mine below the third level and in the south end below the tenth level, the 
ore zone is represent-ed by this highly eilicificd rock. Along tl\e fault north niid south of the 
ore shoot tJiere is Uttle evidence of strong silicification. 

The limestone forming the footwall of the ore body hafa suffered comparHti\'cly little altorc- 
tion. It la in general recr\'fitallizcd and silicified t-o o varying but usually slight extent. The 
limestone adjacent to the ore body shows no grciiler alteration than can be found in other areas 
no nearer the quartz monzonite where the alteration can be tittiibuted with much assurance to 
the effects of the imroduetion of the intrusive rock. 

There hits been slight replacement of the limestone by the ore solutions along the faults, 
but whore such deposits have been followed by drifts they have been found to piueh out within 
very short distnnoes. Iti several places near the surface bodies of ore have been followed for 
short distiiuces into the limestone, but as yet the limestone has not been found to contain ore 
bodies of hirgc commercial importauoe. 

The evidence ns a whole indicates that the amount of alteration was controlled to u very 
largo extput by the physical character of the rocks. The massive limestone tliat suffered Uttfo 
brecciation did not favor the free circulation of solutions and consequently was not much altered. 
The porous and highly brecciated Invas offered slight resistance to the ciixulution of ore solutions 
and were consequently highly altered. (See PI. XlX.) 

In the Beaver Curbonato mine the most c^mapicuous alteration of the rock in the vein is 
the foraiation of chlorite, kaoluiite, and carbonate. The plagioclase feldspars have been entirely 
altered to carbonate, quartz, and a sericitic mineml that usuallv has a light-brown color and slight 
pleochroism and mmauy places orthoclase th.it is probablv ^eeondarv is present in these aggre- 
gates. A chlontio nimcrnl not defijiitely determined is abundant uud a little epidole is locally 
present. Ihe orthoclase has suffered relatively sUght alteration, but chloiite and a Uttle sericite 
arc usually present. Hornblende has been entirely altered to iron ore, cUorite, carboiuite, 
quartz and rarely « little biotite. Biotite has suffered little alteration. Some <.f it is pnrtiy 
«tere<t to chlorite and carbonate, but many perfectly fresh biotite or^-stals contain iuchisions of 
the ore sulphides, usually accompanied by quartz and in places bv apatite. A fine kaolin-like 

ml Vn! i''' T ***^"'''^-' ^^*^*^^'^ *"^ t'^"^^"^ ^"•^^^^ ^^'- considerable port-iou of the 

lock. Apatit* and zircon are present in small amounts 

m the iXn.\tJT.l"'^*!'''?'*'"-'' V' '"'^^"' *^"*- '^'''^ ^'^^ '>*^--" considerable difference 

L n sX^dL^i ,h ;""'7 "' '^' ^"^ '^'^'^''- I" ^1^« "^--^ intense alteration of the 

ilia .md h.^, r^nil T ^T V'^'^'^^^^^ '««clung of the inure soluble, oxMes, only 

utT::mbh;~^^^^^ t '^-^T"^-*-t'>- ^<'--- - M"-^^' *v 

have suffered relativelv 'tht Xuln ar^^^i!""?.^.""^"^^ ^'■^'""^ '''' '"^'"^ '^r"''t 
sodaistheonlvctm.titucnt.hlii:/ ; T ' ''^*' '^^ "*^^'' '""'^'"'^'^ ^^'^^■^' '^'^^" ""^'''^' 
ing as chlorite an,! c~at^^^^^ ^'"" *^^" ^''^'^>' ''^'^< '^« 'i^'^: ^^agnc^ia, and iron rem.un- 
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GEXESlii or THE ORES. joo 

ORE MIKERALS OF THE DEPOSITS Ilf LAVA. 

In tho Horn Silver deposit, the princip,,! primary ore mi.ierul. arc j^uleuu, p^Tito, und 
spliiilorilo, Willi kssev amounts „[ s.ilphan(itnom,i,.s anil suipliMn.eni<lo*i. Tiie nrc niinenik 
occur rtlraost ontirely as a rcplt.cemont nl' tlio volcunic rooks mul tho dilVeronl minor-iU nro 
Lehevcd to be essentiaUy conloniporanoous in origin. The ijiii>ortm.t priniury -,in-uc niinerMs 
aro t|iiiirl.z, barite, and tiic altcrod country ruck. 

In thii Beaver Ciirbonate mine tiie primary ore minerals ,ire f,'iilemi, pn-ite, and splmU-rite 
and the principal -anrriic rauiernls are carbonate, and quartz, (ugeUior witb* Uio rtltercij oualrv 
rock. These minerals are disseminalod throu^'h the altered rock luid iill open wpaees between 
the breccia fragments. (See PI. XX.) The mincniLs lorniiug in liic open spaces are fmo 
cherty quartz, sulphides, and culcite, deposited in •,'onerul hi the order named. Tlie periods nt' 
deposition are not sharply defined, however, as some sulphide was dopositcil with tho quartz, 
some ciilcite with the sulphide::!, and a. little quartz \vith the culcite. 

jUthoug;h the pruicipal o\-v. miuerald in the two deposits urc the same, tliore is a notable 
(Ufrcrence m the gnngue, carbount* bciii;^ importunt in the Benvcr Carbonate mine niul sulphate 
in tlio Horn Silver niuie. This tUll'erence jioints to a diirerencc in the character of tlie solutions 
ih:i(, deposited the ores, and a siniihir difference is uidicaled in the alteration ol' the rock udjiLcent 
to the deposits. The extensive removal of alimunn from the rock of the Jlorn Silver deposit 
and the presence of abundant sulpluites is contrasted with the inilure to remove ahinuiui ujid 
the presence of caicite in iho Beaver Carbonate deposit. 

Secondary alterutioii Jias been important hi tho Horn Silver deposit but of little, importanco 
in the Bcftvei- Carbonate deposit. This ehanijeis discussed in the section on secondary alteration 
(p. 134). 

SIMILAR DEPOSITS IK OTHER DISTRICTS. 

Deposit.'^ similar lo those in tho volcanic rocks of the San Francisco rojjion nm nut abnmlaut 
hi the Groati Bashi. Most of the veins m tho lavas aro gold-silvei- veins nnd cuiry n^hit-ivcly 
small amounts of the baser metals. Some of (hem, however, carry small amounts of copper, 
lead, and zinc. 

The deposits resemble far more closely those of western Colorado, which arc fissmo deposits 
in volcanic rocks earryhig miportunt amounts of copper, lead, and zinc, though their jirincipul 
value is m silver. 

In the Mar^'svalo district, Piuto Comity, Utah, there arcvehis carrying important amounts 
of the brtso metals, though tlieu' ])rincipal values are in gold and silver. Those resemble the 
deposits ill western Colorado and also those of tlic San Francisco region. Closely iis.socialed 
with the deposits oan-ying base metals in the Marj^vnle district ore gold-silvei' veins of the tj^pe 
of widespread oceurreiic43 in the Tca-tiary lavas of the Great Busiii and noij^liboruig i-cgions. 

GENESIS OF THE ORES. 

As has already been statcti, it is tliought that the ores of the San Francisco region vere td! 
forme<l during the some general period of inineralh'.atinn and that they iuivu a common origin. 
In tho case of^the ores in the volcanic rocks, however, tins belief is based on the general rehit-ion 
and charact.or of the deposits and on their shndnnty to de|)osits in other districts where the 
relations are more clearly sho\\i.i, rather than on any positive local BN-idenco comiectiug them 
w'ilh the other deposits. 

The ores of tlie region ai-c closely osaociated with the intrusive (pmrt/, monzomte and the 
evidence mdicates that this rock was the source of the metallic content, that the deposits of 
din'erent types have a common source, and tliot tho variations are due to differences in (he 
kinds of rock in which the deposits were formed, to differences in the pii}'sica! conditions under 
which the ores were deposited, and pr.jhably to some change in tho chenuca! cluirocter of the 
solutions durmg the period of dciiosition. , 

In the discussion oX the hydrotliernnil alteration of the quart/, n.onzomte and tlie contact 
alteration of the limestone Cpp. 74 and S2) it is shown that the solutions which elfcH^ted these 
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clian.'cs woi-c ea.criMuIlv similar or that tl.c elements introducca by tlic solut.iona ^vn^ in Urge 
part the same Km- example, the alteration in the qmirlz monzouite aud the abundant quartz 
of the ore deposits indicate that the solutions were rich in ^*diea, and the aU(M-atinn of the 
limestone HhoU imi.orfanL mldition^ of silica. In the case of abimma the amMlarity is los.s 
strikin-- the nuartx monzonite shows little change in Mlumina, but in the oontaet zone there 
is conriderahic addition. It seems po>.sihic, however, ih.U in both lands of alteration the 
sttlutionH caiTied notable nnKHtnls of alumina. Tfiat the solutions of both cbisses earnotl 
abundant iron (pruieipaUy fnrrie iron) i.s shown by the abundaucn of hematite in the CSxe.tus ore 
body and the lar^'e additions of ii-on to the contact zone. Potn.sh was doubtless an irap.ntant 
con-stitaoiit uf the sulutions ofl'ecting t-l^- altenition of ibe qun-rtz monzonite, and tlic loc.d 
abundance of muscovite in the contact zone indicates that it was also present in the solutions 
that altered the limestone. In lesser amounts sulphur, copper, and lead and some of the 
rarer olonien Is were commo)i to the two solutions. Tho most mttnble difference in the presence 
of boron in the snlutions produrin.i^ the Cactus ores, as showrx by the abvindaucc of tourmaKne, 
whereas no miiu^rals contiiiniDg this clement have been noted in the contact zone, thougli care- 
ful aeiirch was maile for them. 

Ill gonnral, then, it may be SHid tlmt the solutions, as judged from the additions made by 
them, were siniiJar in composition. It does not seeni likely that they were exactly the same »v 
that the coinposilioii remained constant for any considerable period, for they were continually 
taking material iutn solution and depositing other material. For example, a solution might 
originally bo deficient in soda, lime, mngnosia, etc, but aEt<>r extracting these constituenta fi'om 
tlie cpiavtz mtuizoiiite, as was cvidi'.ntly done, tho si>lution might then be relatively rich in them 
and under favoralile conditions rodeposit them. On the otlier hand, a solution ori{!:ijialiy rich 
in iron, jiot-assium, silica, etc., after depnaitinp; considorablo amount^i of these materials nti^ht 
become deficient in theni and uri<ier certain conditions n\ight even extract them from the rock 
through which it passed. As thn action of a snlntioii on the rocks and the substances deposited 
by it aro tho criteria by which it may be judged, it would thus appear that a solution traveling 
over a h>ng coinsc might sliow quite ditforent ciiaracteristics at diftercnt points. If this is true;, 
it is not very likely that solutions having a common origin will produce the same effect at all 
points, even if they travi-ivo rock of the same character, and it is still less likely if tho character 
of the rock changes. It thorofure does not seem necessary that the action of the solutions should 
indicate more than n general siniili^rity of composition to justify the li;y'pothesis that thoy are 
of wnnmon ongin provided that tills hypothesis is supported by other evidence. 

Tiiri-e can be no refthonable doubt that the contact deposits and the replacement fissures in 
limestone have a cnnunon origin, for all gradations from the one tyi>e to the other are present. 
Tho difTercnce in mineral oluiract&v of the deposits is to be attributed to a difTorencc in pliysicnl 
conditions under which they wcro formed. The solutions forming the contact deposits near the 
intrusive inass must have been at a high temperature, not improbably above the critical tem- 
perature, aud therefore in the form of water gas, and the minerals of those deposits are charae- 
terisMcally liigh-tcmpcnit«ro minemfc, such as gariiot and magnetite. As the distance from 
the quartz monzonite mass increased the temperature wouhl naturally decrease, and this change 
IS reilected m the nnncralogic character of the deposit^-garnot, nnignetite, etc., becoming less 
abundant tdl thoy arc entirely lacking and tho deposition of quartz and silicification of the rock 
heeomnig more pronounced. 

Tho sulplmies of the deposits ako show a notable change in passing from one type to the 
other. In the typical contact deposit pyrit« and cluileoi^vrite aro tho only abundant'sulplddes. 

ubi Idanl nu'ril ^''^"".f ^""'\""^^ ^P^^'^l^^"*^^' -^'^ -"'>'^S tile principal constituents. Pyrite is 
n e r it n^ ;^ ->Pynte vanes m amount. It seems evident, then, that tho difference in 

? n n ™ . h, *; ■" *r' '' '^r.'' '^'^ ^^^^^ ^^'^^^ '»*■ '^'i^^' temperatures the lead and zuic 
^^^^Z^T^' T :''""'' "'^^^^; "*»^»^^^ ""'I •^•'^" ^'^'^^ '" l"'^t, deposited. A. tlie tein- 
poiatuio deuoa.ed lead aud .ino wore deposited as wcU as copper and iron 
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There sroms to be no .louht thut tiu^ sohiliods fonnin- tho dilVomU ty}>0A of depositin the 
sodimoiUury i-nrUs woiv of iho snnio ori-iii. and tiunv. is cro.id reason for bup|)osing that the soUi- 
tions forimng the. deposits m tlio quartz monzonito were of simUnr oriuin. 

Tho relation of the doposils m the lav:i (lows to tho orher deposits is not 8iiscoi>tiblo of 
positive l)roof, but the gcnonil rehitiony strongly suj^ftest thut thoy nro of common origin. By 
reference to the map it may hv. seen tliut >i ton^^uo of Uic quurt/.'monzonilo extends out from 
the main mass ui the <Ureeti<ni of the [Inru Silver deposit and (hot a dike of the intrusivo rock- 
is exposed in tho liiiHwtono hut a short distance from the deposit. It is reported that n rock 
rcsembhu^ tlio quart/, nmn/onite is present on th« olevcntli htvol in tiio miiio, nud it is not 
improbable that at <>roHter dejjfch the quartz monzonite venelies thn [lorn Silver finrlt. The 
Carbonate mine is also in hue with the eastward extension of thi-. quartz mon;:onite mass and 
the fissure in wiiich llio deposit oecui-s would naturally reach that rock underground. In loca- 
tion, therefore, these deposits boar a relation to tho intrusive rock tluiL nmv bo considered as 
more than accidental. In luetal content the ores are similar to the rephicenient fissure dejiosita 
in the limestone carrying iron, lend, sane, and copper. In the alteration o( the wall rock and 
in gangue minerals, hmvever, tho similarity does not exist nor do the two deposits in tho lavii 
show a strong similarity to each oth.er. In one, as has be«n pointed out, the Qlumina lias boon 
removed and sulphates deposited ; in the other there has not been a notable leaching of alumiiut 
and carbonate has been de])osiLed. In neitlier of tlioso deposits does tho character of tho alterii- 
tiou cornwpond closely to that of ativ of the other types. It may be ])oiiited out, however, 
that the sulphates in the Horn Silver de]>osit are suggestive of the later stages of mineralization 
in the Cactus deposit, but the deposits of the ('iirbomitu mine might be produc<\d from tho 
earlier carbonate solution under couditiou-s of less hnat and proasure than prevailed at the time 
that tho deposits in the quartz monzonite were formed. 

In the Marysvale district, Piute County,' oecur dep<«its that in many reajjeets resemble 
those bi the voloauLc rocks in the San Frnneisco region. Some of thvnc deposits show a nntrked 
leaching of nhinima from ihc wall rock and the deposition of aulphati^; in olhei-s earbomUe Ls 
an important gangue. Theae deposits arc believed to be generically connected with ijitrusive 
quartz monzonit<'. 

It therefore seems highly probable that the dejiosits in the voleaiiie roelcs of the San Fran- 
cisco region arc genetically comiectcd witli the quartz monzonite and thus are eloseh' related 
to the other fy^^es e>f derwsit in origin, though the proof of this is le^s positive than could be 
desired. 

ORIGIN OF ORE-BEARINO SOLUTIONS. 

The orighi of , the ore-beuring solnlions is not readily susceptible of positive proof, but 
ee^t^^in facts indicate that the quartz monzonite magma was the original source of lUl these 

solutions. 

In seeking for the origui of tho solutions two sources nniy be considered— flrat, meteorie 
or surfjiee waters encuhiting thixjuglt the roclcs and thus eoUc.-ting their metal contents; second, 
waters given off by the crystaUizmg quartz monzonite nnigma containing the metallic elements 
in solution That waters" and metallic deposits are derived from both thc-se sources is too well 
known and h:w been too frequently discussed to makc^ it nceessftiy or desir.iblc to treat the 

subject in detail in this place. . , . .. , , 

It is certain that the solutions forming the deposits were hot, as shown by the ebarueter of 
the minerals, and this relation between certain minerals and the temperature of the solutions 
forming them is well known and generally .«;cepted, so that .t need not be fm- her dmenssed. 
These hot solutions may have been given oQ" by tlic crystalli^^mg niagii.a or they may i.avo 
resulted from the heating of surface watc^ that came u.to proxumty with the heated igiicous 
ruck, or they mny have been furnished from_bothj>f these sources. Jn seekmg t o deternnnc 



136 OEOLO.;V .XD OHE deposits of THI. SAN FHA-VCISCO REGIO-V, UTAH. 

Which c.f thc'so SOU.V0S has furnishod the solutions or which hus been domirmnt, we m«y fir.H 
diHoufis tho dr'posits in tho quartz monzonite. 

\s hus beon noted iii the section on petrography (p. 62), the quartz nionzomfo cont.iijs 
nninv"HpiiU'. dikes composed priiuipnlly of quart/ and feldspar, and the composition and 
XThu"i.Mis of those dikes indicate that they i^re the sUu-eons d.fTerentmtion produets of the quartz 
mori/.oriite In tlie bottom of the K shaft wh.it tippertn. to be un apbUc dike contaui^ chal- 
rop>Tile and molybdenite «s orisin.d constituents of the rock, thus scenimg to mduutc that the 
sulphides were rdntively fthuiKhint in the siliceous differenMfition product of tho magma. In 
the same mine the. ".■hinmey" of quartx with sulphides of eoi>per imd nioiybdenum, whir li forms 
t!ie ore ehfinnci, luis every appparance oi a eoai-se pegmatite, idtl^ough feldspiu- wrs not found 
in it, and it se.^ms reasonable (ind h)<;ical to consitler tJiis a further sUigo. in the differentiation 
of (he quuriz monzonite mrt«,nnu. As tho same solutions that canied and deJ)ositA^d the pe.u;- 
m.ititic qunrlz undoubtedly deposited Mio ore minerals in this quartz and altered the sni-roundin.!;: 
rnck and dei>osited the sulphides in it wo are led to the conelusioii that these solutions were 
derived froie. a dilTerentiation of the quartz monzonite magma. 

The siuiUurity of the. Cactus deposit to that of llie K mine leaves no room for doubt 
that the solutions liad u similar origin, though they jnissed through a -more varied cycle of 
])h3'sivai conditions, llic latx^r minerals of tho Cactus deposit not having been formed in th(^ K 
deposit. ^lonM;^v(^^, the presence of tourmaline iind copper mmerals intimately associated with 
an aplitic dike on Black Mountain, south of the Cactus deposit, point to the same conclusions 
concerning the origin of the .s.olutions for tluy as for the O K deposit. 

The evidence as to the origin of the solutions that produced the deposits in (he scdimentiiry 
rocks is m<vst eoocluiive for the contact deposits. These are hivanably most mtiniately :unSo- 
ciated with the intrusive vock, a fact which of itself is suggestive that they were denved from 
the intrusive. Moreover, where the cnnlacfc alteration hns be^n most iutenso there is ii blending 
of the igneous rock Nvith the contact rock — a gradual transition from one to tiio other (see PI. 
X, p. S4) — so that it is iinpossiljle to dclermine the boundary. Such a blending is most readily 
explained by 8iippo>inig that aoKitions from the quartz monzonite were acting on the limestone 
and fornicd at the contact minerals chai-acterlstic of both the altered Ihnestone and the if^eous 
rock. 

Small HsHurc^ (hat were opened in the altered limestone probably soon after the intrusion 
as a r(>suli of the rcadjustm.ent of stresses, contain veinJet-s or dikelets composed of quartz, 
feldspar, nnignetitc, and snlphidfti. Thcst; do not ditl'er greatly in eonipositiou from the aplilic 
dikes in the (potrtz monzonite, and it is most natund to suppose that they had a similar origin- 
thai Is, that they were a ditFereiitiation from the quartz nu)nzonite ma^ma. The similarity in 
the composition of the sohitions that effected tlie alteration hi the quartz monzonite and in the 
limestone also ponits to a common origin. 

The .dose relatioii between the difTerent. Ivjies of deposit in the sedimentary rocks mdieatt^ 
a similar ori.mn tor each t>q.e. It is entirely possible, however, that meteoric waters umy have 
played some part in the formation of the dei>ositH at a distance from the uitiiisivc bodv.' It is 
not, heheved (hat tliey wcit, of iniportanoc in the formation of the doiKJsits in the <piartz mon- 
zomto or near the .ontuet and it is thought that the metal content of all the deposits was derived 
rnm the quart, monzonite magma. These eoneluslons agree in general with those arrived at 
by othci-s_ n, thr.s, udy of similar deposits; h. fa<-t, it may seem to some that it is no longer noce^ 
sary to give det,-id.'d cn ulence to substantiate such conclusions 
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ALTERATION OF ORES. ' 
CEVEKAT. COXDiriON.^. 

Tho obiinge prodiiceil in the mineral doposits of ibis rcf^ion by the Motion of sin-fnoo solutions 
has been iin iju|>oitiuU though vnriablo element, in the produetion of the ore (lei)osit? as they 
now exist. It is a slrikin^,' faet Uii\t sonin of (he doptKsits Imve been Init little iifTected by such 
alteralion.whereaslheehiirueterof neighlK>ring deposits has been (ompletrlyehan^M'd. Therej^aon 
is in some rt^peetii especially fiivorable for a study of eerinin feimu'es of the problem of secundnry 
iiltemtion, and this will Iw diseussed in some dedul. 

Seconihiry alteration is dependent on several favtoi-s, unioni; the mare iniporlanL of which 
ure (he position <.>f the tjround-watcr table, tlie 
rapidity of erosion, (he physical chiiracter of the 
dt^KKiit, and the mineral composition oi (he 
deptwit. All these fiie'.oi-s have doubtless had 
some efl'eet in all the deposits, but in several of 
the deposits sonie one of (hem seems to have 
exerted a dominant influence. 
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In <;eneral it may he said that the position 
of tho p'ound-wiiter level is the most important 
factor dctp.rminino; the extent nf secondary 
alteration in ore bodies, for extensive alteration 
will not cxti-nd very far below tliis level, thou«;h 
if ^ven siuffieient. time it wilJ reach this level re- 
gardless of other conditions. Other factors may * 
be of great importiinee, however, in deterniin- | 
iiigthe rate at which altctation shall proceed. _| stoo 

In but few of the mines of the district has 
the water level been determined. Tho accom- 
pimying diagram (fig. 15) shows the elevation 
fibove sea level of the outcrop of several of the 
dei>osits, the lower limit of important secondaiy 
all<>ration,.and the a])proximat-e ground-water 
level. Tho upper limit of ground water is shown 
in the figure, but the actual position may be 
considerribly lower. In the Cactus miiie there 
Wrt3 but little water on the lowest (nmth) level 
in the summer of 1000, though this level had 
been idle for montlis and no pumping was being 
done. Later, however, considenible water was 
encxmntered in a fissme on the seventh level. 
In the Horn Silver mine water did not rise to the twelfth level, ami it was reported tnat little 
water was encountered till the fo urt^mth level was reach e d. In the Curbon at e nunc the water 
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level was nrolMihlv but ;i slmrt distance l)elow the surface, as w;iter is em-ounlered in many 
places in the volcanic roel^s iit very shallow Jepths. Thi. is <liie to the f«ct that the rock b 
traverseil bv numerous fissures .md the clay gouges that accompany these (L=sures torm imperWous 
daitis whici prevent the waters from circulating and from escaping from the roc-ks. On the 
other baud, on account of this luck of ready movement of the v^ater a l>lo<'.k ol ground once 
<irained ijives little trouble. In the K mine water was encountered about 90 feet below tlie 
fourth level, but sinking was not continued and it can not he stated that this is the actual position 
of ground water. In the Harrington-irickory mine water wa.s encountered at about the fifth 

level. . , . , . . 

It is not Ukely that the water level has i-emamed constant lor long periods in the past. In 

fai-.t, there arc good reasons for believing that it lias been both liigher and lower than it is now. 
The' beaches of the oM Lake Bonneville mo about 750 feet above the present surface of Sevier 
Lake, and because of the move humid climate prevaiUng at that time it is reasonable to sup- 
pose that the water level throughont tlie region was considerably higher than at present. On 
the otjier hand, the great alluvial cones at the mouths of the valleys upon which the Bomie- 
ville beaches were deposited testify to a long period of aridity prec^duig the Irake Bonneville 
e|)och, and it is not unlikely that at that time the water level was lower than at present. 

■ The inability U* determine the position of the water level in the past makes it impossible to 
state a maximum depth \o which ulteration might have extended, but it is practically certain 
that m soino of the deposits secondary alteration has never reached the ground-water level 
even in its highest stages. This is especially true of the Cactus mine, where the water level in 
Lake Bonneville time must have been <"onsiderably below the present zone of alteration, and 
it is doubtle:?,? true of the Horn Silver mine. On the other hand, at the Havrlngton-Hickory 
mine oxiilized ores arc present on the sixth level, 100 feet below the present position of the 
ground water, indicnLing a lower water level at an earlier period. 

The Carl)ona(e mine is the only one hi the region where the present water level and tbe zone 
of oxidation show a dose relation. In that mine the water level is but slightly below the sur- 
face, and this has prevented any extensive alteration of the ore bodv. 

KAPinrrv of raiosios. 

^ The rate at which the surtace is lowered by erosional agencies nviy in some localities be 

an important factur in dotevrniuing the extent of the zone of seconthiry alteration, for if erosion 

is sutliciently active the altered rock may be removed almost as rapidly as it is formed. There 

is httle doubt that erosion is at present lowering the surface hi some p'arts of the district more 

rapujly than in othera. For example, in the San Francisco Range, wliich rise^ to an elevation 

of fully .5,000 feet above the bottom of the neighboring Wa Wa VaUey, erosion wotdd naturally 

be more iictive than in the Beaver Lake Mountnii^, which are but 2,000 feet above the Milford 

Valley Ihis difference is amply shoum by the character of the topography in the two ranges, 

he velatn-ely narrow, c.myon-liko valleys of the San Francisco Mountains being strongly con- 

ti-asted with the open v«lle^'s and mature slopes of the Beaver Lake Mountains From "this it 

t h ^?,""i'^^f \^^;/ ^^'^ ^^«"f «f "Iteration wiU be tlnimer in the San Francisco Raiige than 

U f. h?r ' ^^l''^%ff coinpurison of the very ^unilar Cactus and O K deposits proves 

nVof^dterat^r., tf r ?' ^'^""^ ^T' '''^''''''' ''' '« ^^^^^^^^ '^-' '^^ shallowness of the 

'n I er^io 1 h M ^^ """" ^' *^"^ "^ P'"'^' P*^^'*^^^ ^^ '^^^g« P'"^, to causes other than 

and h s ?™^^^^^^ ^ TT' "^ '^'' '^"''*^"' '^^ ^'^PP^^ ^^^'^^ ^^™ '^t>le to rapid erosion, 

anti tuit, agency has doubtless been inmoi-f.mt Ti,.^ ^o- * f ■ ■ ■ i * i 

content of the deposit n,av be beUer X ( rl f u °^ ''™"°" '° '■^"'"''"g "■^^ ■"''"'' 

lum h„vo been ,nL f„lh <.on!i,ie"a. "" *' '^""-'' ™"^«' ^^ seeondai-y altem- 

KFFECT Ol- PHVSICAL CHARACTER OF DEPOSITS 

on tl!^ 'r't ;SIrwiu':^jM ^'r'"'r''"™f '"' - '•^P-^wmhuvc an important influence 
«.ll MeU to seeondary alteration, A massive, dense deposit or one for 
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^omc other reason relatively iiriiKTvious to solutions must ncM-wsnrilv alter moro slowly thtui an 
npcn. porous ono. <.tli.M- fonditions l)eiji- pqi,:il. As examples of tlii.s ditrorenctt mny bo t-ito.i (ho 
infls.Mvo garnetiferous deposits like tlwtt of the rmi>eri«i mine, whieh hnvc suffered but rehilivolv 
supcrficifll nhcration, and Liie inure open assure deposits like some of those in the Stiir district 
which liave been altered for at ionst several hundred feet below the outorop. The infUieiicc of 
the pliysicnl miidition. however, may be ofTs^'t by other factors, ns in the Cactus dei>usit, which 
although opeu and roudily permeable, has U-en but superficially alfcred. 

EFFEtT OF -MIXEIIAI.OGIC C HARACTEK OF DEPOSITS. 

The muicriilogic character of a dcpa^it may he an imjwrtrtnt factor in detcrniininK' the 
rate at which secondary alteration will take place and also the character of sucii alteration. 
As the. results are very difVercnt in different deposits and are of interest not only minnralojricully 
but also commercially, they will be discussed in sonic detail. Tn tfiis discussion tlie alteration iii 
the different types of dej^sit will bo consi(iei-?d separately. 

ALTERATION OF COPPER DEPOSITS IK QUAJtTZ M0M20N1TE. 
O K UE POSIT. 

The principal primary minerals in the O K deposit are pjTite, chiilcopyrite. and molybde- 
nite, together with the gangue raiiierals quartz and the nmscovite (sei-icite) rrsultiii}^ from the 
alteration of the quartz monzonite. The suiphidoM were firet attacked by oxidizing solutions 
penetrating the depasit from tlie surface. The changes that took place iji the alteration of these 
sulphides are not perfectly understood as yet, though the end products are hotter known. 
Ijijidgren' has discussed the alteration of numerous mineraia by sui-face solutions, and what he 
says concerning the iilteration of pjo-ite and chalcopyrite is in part quoted below: 

The oxidation of pyrUo w a subject, which has been exiciwively di^uiwcd by many wriiera on ch0mic.1l geology, 
bnt, aji romarkod by -Mr, Kau^~ome,^ it Lj Klill iu need ot (rv;itraciil from Ihe experimcnbil slandpoint.' At the aurfifc' 
pyritc io gmieral oxidizes iicccirdioj to tlie formula FeSi+70 + H-;0-=FeSO^-|-U.>.SO,. Thin r«ictio;i iiivnlverf f^vonil 
intonnedi'ite tifiigen itt whicli fi, HiS, and SO^ may bo ionced. The fermu.-i tiulphate upon further oxidalioii yields 
ferric hulphat**, and thy lattor ii* ex^ily deo)mpft«d to v;:rioua haMC sulphiites and ferric IiydmleH and ffe« acid. The 
sulphuric aeid iii ready to oxidize roiruviningpyrile, if eupriJerou«, while the lorric Mu]|>hatofllfi)aLlaekppyritoaud other 
MUJphide.s, changiug theui to sulphates, being il«elf reduccc t<i ferrous ^ulphaty. A cycle of reaciiona will thiiji be ini- 
tkted which will eontiuue until ull of tlio HUlphidea eipt)«d I',) oxidation have been trailed imcd hUo vurioun oxy«ilt.H 
aud most, of the iron has t-bauged to liiaoniie. Psciulomorphy of linionite nflcr pyrilo have bceu noted under the 
microscope in decomposed porphyries from Ccronadu tind JIete;<lf, and f«:rnie ot these carry ti kenict of chryw)collu. 

The change that has taken place in the oxidation of the sulpliides in the O K deposit in 
general agi-ees with tliose deacribed above. The fijial product as shown in the gossan zone is 
limonite. in places mixed with secondury silica to form jusperoid, and much of the copper has 
been removed, though some remains as carbonate, probably produced by the reaction of car- 
bonate in the waters with copper sulphate resulting from the oxidation of chalcopyrito. Pyrite 
is not abundant iu the deposit, and suitable material for a mici-oscopic study of the alteration 
of the pyritc whs not procured, but some good s]>ecimeas showing the oxidation of chalcopyrite 
Wore collected. The alteration first began along fractures, and in the hand specimen the ultored 
material has the appearunce of small veinlets of brown limonite, with here ond there a little cop- 
.per carbonate. Wliere the alteration has advanced these veinlets have widene d at th e exjjenso 

■ Li..lBn«, WddBmor. Th. Z.^r *i«.JM ot th. CliIU,n.M«««l dWrtel. Arii«n.: P«t P.p.r V. 8. Ce^ Sur^y No. «, im. p. 177. 
» Ransoms F. L., Th« gcolo.-y und on depo^r.. of th. Bi.b« qimJrw«I«. Art«.n..: PnA i^^r 1 . 8. C«l. Syn-.> No. 21, m, p. W. 
*rhcw!.J.ct Li uv&U'ii luthofollowltiK pjpcp- 
Btschsif, G., Lelirtjucil der , ti.iui^hon Ui.'l pL>-.ikilfacliCii GcOtoet?. 2d «]., to). 3. Bomi. laO). 

nocltcr, C, CljomlacJio Min.;nilo>:fc, Ltijulc, !.*<(. 
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of the interveninc chulcopj-rito lill the whole was converted to n brown f<.rru-inon. muterml 
tl^^^^ of chnlcUit^- - - .^ final .ta,e the chalcopyr.o ... ent.roly removed. 

Wlict. spoeimcns of tho p.utly altorod chalcopynf.^ urc cut and poUshed .nd studied nncru- 
BcopicalJv it Is soon that the voinlels am not composed of n imifonn Hi.bstanco flUuig the spa«c, 
but thftt'lhero in alwavs a relatively open channel way at the center. Thus channel may con- 
tain snrao limonitc and rarely a little copper cnrboaato. The space is, however, nover filled 
solidly from vail to wall. On either sido of the. wntrul channel is a zone of limonite. notween 
Iho unaltered chalcopyrite uod the Umonlle there ia a narrow z.hic ocrupKul l)y niutonal having 
a rather light slal«-blue cx.Ior. This mefges rather gradually into ttic zone .)f ImionUc. The 
roULion oE these several bands is sho^ni almost diagrammatically m the microi)liotograph (PI. 
XXI, fl>, Tho zone between tha chalcopyrite and the limonite is always narrow, as shown in 
Plato XXI, B, and it hafi not been possthle to make a aoparalimi of the minerals in it for chemicd 
Insts. When the oxidiiiing nrntorial as (t whole was trtiated with hydrocKloric acid tlic resiiUant 
solution gave reactions for sulphate, copper, and iron. As no other muieral was recognized 
that could furnish the sulphate radicle, it is believed that tbiii material is a sulphate, and it, 
seetna not improbable that it is a double sulphate <>f copper and "iron, possibly pisaiiite ' or soma 
clnsely allied mineral, itnd tliat under the conditioivs i)rcvairmg the. first reaction was possibly 
I . CuF(sS, + SO = 2(CuFe)S04, which t<K)k on water of ciyslc.Uization, Corminjj (FeCu)SO,.7H,0, 

and t.hat this cmniwund riMuIlly broke down into CuSO, and FcSO,. the fornier being carried 
Hway in solution and the latter being largely rexJiiced to limonite, as indicated above. 

Ntuch of iho raolvbdmiiio in the higher loveU baa been altered to powellite. In some places 
thin minerul has beiMi recn,'atallizt^d; in othei's it occurs as pseudomorphs after the mulybdeuite. 
The conditions at this mine were not particularly favorable to a careful study ol' the zone 
below the zone of oxidation, as the material hod been veiy lai^ely removed from this lower 
Z(.me, which contained the commercial ore. So, far as could be doternriiied from the observa- 
tions possible, the alteration in the lower z^me did not differ materially from those of deposits 
I »" _ previously dcacrlhcd ^ — that is, the coppei- conient of the sulphate solutions descending from 

l.he zone of oxidation, on wining iiit4> contact with tliesniphidcs lower (lo'ftTi, was precipitated 
us chalcocite and covellito. Tlie notable feature about tkis deposit was that, so far as deter- 
mined by t>bservaUons and reports conc^rnhig the chai-actor of the ore, the more abundant 
t Kee^)ndary sulphide was coveUile, whereas cominordy the more abundant secondaiy sulphide 

is chalwicitc. It may bo noted hero that chalcopyrite was the most abundant [irimaiy sulphide 
and that much of the ae*ondar>' sulphide resulted from a rei)lacAnnont of that minerul. The 
^ alteration was effected by a replacement along cracks in the ehalcopyritc (see PI. XXI, -4), 

the coveUito oxt*nding info the chala>pyrit* from the main vciulcts along linos that from their 
arrangement suggest cleavage lines (sc<? PI. XXII, A, B), though cleavage lines could not bo 
otherwise detected. The central portions of the main veinlets are almost iuvariablv occupied 
I by a light slate-blue mmoral rcsemblijig the one already dt^ribcd as oc^'urrhig next to the 

?^^^^''l^^^^^^^^^ ""^ oxidation. lu these vehdets, however, the slate-blue mmoral k 

I 

rpleti 
cry3- 
as ill 

lo ho c™ r V f r" ,'" "'.'"«"""Ph"t<'Sr«ph (PI. XXII, B), hut it Ls perfect lvdi«tmct 
tojhocye. I^N^t^kos M.^..v...„ the foUo^vmg.q^.,ion rci,r»4uting th« Lotion betwecu 

of ir«Al wd rtiUT vmii ].lfni.p.«,i. LljiJcTui Wa'j,™rTh« J]^"'"-^'^ ■'■'**'- ■"'•*l.P- 212. W«.L W. IC, Tiwcurlchinnit 

SurTCyNa«.lK6,p.].M «™r, Tiu- wpprr d„p^„ •>^ the niIto„-MMttncl<llMrIcl, Arixona: piv,r. raperU. a, ««'. 
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ncitrnl cupric sulph:itc somtion umi i)yi-ite, which w consukM-ctI hv Liiidsn-ii as possibly lopro- 
scntin- closely the rt-iicMoii lliut has i>rodiiroa the- chnl.^orite of tiio Cliftoii-Morenci dLMrict: 
r>FrS, + T-lCnSO, + 1 21 r,0 ^ 7CuS + M-VSO, + QH^SO, + 811,80,. 
A i)ossibU- reaclioii IxUwcpn a solution of cupric sul]>hutc and chalcopvrito, tho principid 
substniUM^s inv(jl\-od in tho deposit vindcr discussion, may Ik- \vritt<M» as follows: 

Cu FoS, + CiiSO, -20uvS + FeSO,. 

The. presonce of cupric sulpluitc in tho solutions of the mine is shown by tho efflorescent 
of the hydrous coppei- sulphate chnlcantliite, CuS0,.5lI,0, on the waUs of the opcninrrs in tho 
mine, ("hiilcocite occiii-s as a replawmciit of the primaiy suljjhide KViiiiis disscminated^hroush 
tho altei-ed quartz luonzoiiiu^ and is reported as occuniiig in the main ore body, though the 
specimens collected l>y the WTiter fi-i>ui tluit ore body showed oidy covcUite as tho accondiuy 
sidphidc. The cnriditious which govern the deposition nt" the one or the other of thosecoadnry 
sulphides have not been determined. 

The) secondary sulphide in the main ore body has Ixicn partly oxidizeil lo ctirbonutcs and 
oxides. As the ore from ihis zone was pnictically all removed before the writer's cxamuiatioii 
was made, sufhciei\t data were uot gathered lo make a discussion of this phase of the ultoration 
of the deposit profitable. 

fACTCS DEPOSIT. 

In the discussion of the alterutiou of the ores of t.he Cactus dejwsit it nmy fii-st he recalled 
that the primary ore consists of pyrite and chalcopyrito in a ^""J^ie of (piartz, sidcritc (ealciuni- 
ma<?iiesiiim-mangunesc-ii'ou carbonate; seep. 119), tourmaline, hematite, and anhydrite, tofjether 
with the sei'icitc (mnscovite) of the altered quarlx mouzonite and other minerals hi small amount. 
The alteration in the oxitlized zone of the Cactns mine has in general been similar to that in the 
O K, namely, the sul|>bi[des pyrite and thalcopyrite have been altered to limonito, with some 
carbonate of copper and native copper. The speciilarite at the surface has al.so been altered 
to limonite, and the mixed carbonate has been eouverted into a hydrous oxide of iron and 
nnm;;ancsp. 

The initial chan*;c in the oxi<lation of (Sic sulphide was doubtless similar to that described 
on pai^e 1 30, forniinLr ferrous sulphate, cupric sulphate;, and sul[)huric acid. Tho cupric sulpiiate, 
however, instead of passing in solution lo lower levels would immediately react vvitli the car- 
bonate ]>resent to form the carbonate of copi>er, which, being relatively insoluhk-, would remain 
in the zone of oxidation and thus prevent a downward leachuig of the copper cj^ntent of the ore. 
The sulphuric acid producetl in the oxidation uf the sulphides and in the oxidation and brcakini^ 
down of ferrous sulphate would also iimnediiiloly react with the carbonate, imKhicin-; sulphates 
of calcium, magnesium, mani.canese, and iron. Tho sulphates of calcium ami magneshini 
would be cnrrietl awnv in solution or dcpositctl, ami the sulphuric acid involved in tlie reaction 
llms be removed from further activity in lln> altenitiou uf the ore body. The (^vclc •)f 
nlteration which goes on in a sulphide body, sulphuric acid being relensed by the oxidation and 
breakinjr down of ferrous sulphate, a-,'ahi to act on additional sulplude and aj^niin to break down, 
is iutemiptetl when the sul|)hur is locked up or earned away in the form of the more stable sid- 
phates of calcium and ma-.icsium, It Ls apjmrent f-hat under these con.htions altenitum can 
not be rai)id and t.hat untifthe carbonate has been (dtered there will be no downward raig.-ation 

of COf 
the ore 

of CO] 

tion is cdmost, lackh.g below the first level except for a hydration <.f t h. aniivdnte. Moreover, 
there has been slight migration of ti.e copper and no sulph.de enrichment. 

COMPARISON OF CACTUS ANU O K PKPOSITS. 




and 
anh 



r . ., . i_ . .1 ■ .,.vf,.Mj tliH'prpnce in the oriMnal minerals of the Cactus 

It may be reoUed ihnt, the ""!«"•■"■'. 'X'^";„,„ „f i,„„:ait„, ,„u™ali„c, ou-l,o,mt.,, 
O K .leposits consists :n ibc ,..e.™ce > ' 7'" "^^j^^,, „, h« luclu,,. i„ the latter! 
.vdrlte, .iiul smnll nmoui.ts of other minoi-:iU that am niino^i i 
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Of th(»e niinoinls the only one that socnis (.> Imvc had a direct cfToct on the chrtrnctcr an<t 
exItTit .'f the aecondary altcralion is the rjirhoriutc. So far .id tlic writer hus been able to 
(Ictcrniuic, it is the presence of tlic e«rboimte iii one deposit, tint] iLs absence in tho other that 
liave resuUcd in a shallow zoiio of oxidiitiun find no sulphide em-ichincnt in tlie one and a rela- 
tively iloep -zone of oxidation and eNlonsivc suJphiile cnrit-hment in tho other. It should be 
reeiiUcil, liowevor, that recent erosion has been more rapid in Copper Guleh thuu iii the Beaver 
Liiko JItnint;iin.s, a fact which hus doublloss had an efi'cct on tho extent of the /.one of oxidation 
but in no way accounts for the altsence of siilpliide enrichment. D. C. Bard ' has called attention 
to tho absence of secondary sidphides in deposits containing calcit© us n gaogue. Recently 
Walsh and Stewart- have conducted cxporimenls iiKUcating a simitar result. 

A more extended coni]>anson of dis-semuiatcd <leposits in mouzouite or other siliceous rocks 
witli reference to their content of carbonate and the extent of secoiulary alteration would be 
of ijiter<\3t> but at the present time the <iata for such a comparison are not available. As already 
shown, liowover, tlie iinalyses of the altered rock connected with the Clifton-Moreaci antl Bing- 
ham ore deposits indicate that carbonate was [>roi>Pnt in the latter but not in the former. Enrich- 
ment has been more extensive in the jVriziMia district than in the Utah district, much of the 
copper in the lattca' boin? in the form of cholcop^Tito. An interwtijig deposit in this connection 
is that of tho Braden mine, iti ChiJo, wliicli showb slight em*ichraent, and Qccordiiig to Veatman 
(see p. 128) nas calcite and imkerite aa {jang^ue minerals. Until more data are uvadable, however 
liny ;:eiieralizations concerning the eJfect of carbonate on enrichment in this type of deposit are 
not justified. 

ALTEHATION OF CONTACT DEPOSITS. 

Alteration in the contact deposits has been variable but has consisted generally in the 
iorniRtion of carbonates and oxides, with amoll amountii of secondary sulphides. In tliese 
deposits tho original ores consisted of pyiite and chalcop}'iite, with smuUer Amounts of miig- 
nctito, fipecuhirite, contact silicates, and residual carbonates. The oxidation of the sulphides, 
has doubtless proceeded in a mamier smiilar to that alrejidy outlined ami the sulphattw produced 
have reacted with the carbonates pro^cnt, (he C4)pi>er being converted to carbonate and the iron, 
as in tho alteration already described, retiuced to limonifc. The reaction in the formation of 
the cojjper carbonates nia\- be written as follows:^ 

2CuSO,-r2CaCO,-lU)^ (C'uOH),C03 + 2CaSO,-i-C{.),, or 
cupric sulphate + cnU-.lte-malachite + calcic sulphate. 
aa.SO, + 3Ca(T)3+ ir,0-^Cu(01-I),,Cu(C0,),-3CrtS(), + rC),, or 

cnpnc sulphate + calcite ^a/,untv + calcic sulphate. 
inny places t 
ore prose 

term 




am 

Kiiriehnient of the sulphides »i)pc 
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ALTERATION OF HEPLACEMENT FISSURE DEPOSITS IN SEDIMENTARY ROCKS. 

The altoi-ation of the rcphiceinciU. lissuro tlcpnsits in sodimontno' rocks w>is not as well 
sJiown ID Uiis region at the tiiue of stu..ly as is uoMssarj' for a satisfactory investigation, owing 
to the fact that but few of the mines operating on deposits of this tj-po'hud reached the zone 
of priniao' mineralization. The sccoiulury ores were exposed in many places and could be 
satisfactorily studied, and from rcsiiUial ]>ovtic>ns of tlie primaiy ores and a few exposures of tiio 
priraaiy ores it is possible lo Lifov, with a good deal of certainty, tJio character of the alteration 
that has taken place. 

Tlie prijnaiy ore miiierals were nminly galena, pyritc, spluderite, and chalcopyrite m vaiylng 
proportions, together with small amounts of oUicr motallie muierak, Tlie ganguo minerals 
wore residual carbonate and quartz resulting from the silicillcation of the limestone a.nd, in somo 
of tlie deposits, contiict silicates. 

The oxiilized ores m general are composed of limonite, cerusito, mul small amounts of 
copper and zinc, usually as the carbonates. In some places copper and zinc arc more abundant 
constituents of the o.xitlized ore, zinc bimig jtrcsent m the Cedar-Talisman mine and copper m 
some of the ores of tlie Moscow and Ltuly liryan ninios. 

To a ymall extent sulphates have been formed in those deposits, including anglcsito and the 
more complex suli)hates jarosite and phmibojarosite. AVlicro these were observed in the mines 
tJiey had bee.n formed along channels of relatively free circulation, thLs being especially true of 
the jarosite seen in the AViltl Jiill mine. Other mhiends are i)resent locally, sueli ns corkite hi 
tile i laiTingtou-Hiekorj'^ and Wild Bill mines and wulfenite apparently resulting from the altera- 
tion of molybdenum-bearing galena in tho Hunington-IIiekory mhio and to a less extent in other 
deposits. From tlio data at hand it acoms tliat tho lea*-! of these deposits has migratetl little 
froui its original position, the sidphitle huvbig been al tered (.tii'ectly to tho insoluble carbonate or 
sulphate. The silver, which was origimdly presen tin considerable amounts in the other sulphides, 
has, like the lead, shown little migration. The ubuntlanee of linionite in tho oxidized ores 
leaves little doubt that practically all tho iion lias remained in the oxidized ores end the same 
is probably true of eopper, though the local abundance of copper in somo of tlie ore shoots 
suggests that there has been some migl'ation of this metal. Zinc, on the other Jumd, is less 
abundant m the oxidized ores than in the primarj' ores in the relatively few places wlioro these 
were seen, and there seems little doubt that considerable amounts of zinc have been removed 
from at le4ist tho upper part of the oxidized zone. In the thoroughly oxidized ores sulphur has 
been practically elmiinated except for the relatively small amount that has entered into tho 
sulphates and locally some native sulphur. In general, there has probably been some addition 
of carbon dioxide to foi-m tho carbonates, though hi many places tho carbon dioxide present 
in the ore. mmerals is not greatly in cxcft'S of that in the calcito of the orighial gangne. In the 
cliange of pyrite to limonite there is a distuict loss of weight and einieliment of ii-on. In tlie 
alteration of galena to ccrusile there in a slight hiereaso hi weiglit and corresponding loweruig 
of tho percentage of lead, but this bicroase is much moro than coimterbalrtncerl by the caleite 
gangue that has been removed. In the change from chalcopyrite to azunto and malachite 
there L. a distmct em-ichment in copper. In tJic cliange from sphalerite to snntlisonito there is 
a slight impovorishmeut in zhic, but both the zinc and sulphur of the sphalerite have been m 
largo part removed from the upper oxidized zone. The result of oxidat.o.i there oi-o is the 

, 1 ,■ t ,„.., «r.i^iiT.vln(y p^qpntiallv the same space as tiie origmal ores and 

production of a porous mass occupymg esstnu-iiij k «. r -t> 

a,ntaming essentially the snn.c amount of iron, le.ul, ami silver but muc . less .mc and possibly 
slightly less copper, A giveu volume of tl.e oxidized ore as it oceurs m the mine mcluclmg the 
open spaces due to shrh.kagc, weighs materially less than tl.e same volume of the oi-igma 
sulphiirorc. If the two tolume; confiin essentially the same ivmoun of iron lead and 
ujpjiiut, un.t.. XI iLn. ^ ,^f „-_u* t>,„oe metals have gamed, and so far as thoy 

silver, it is apparent that m P*^>-^^»'."f "^.^fj^^^,^^^^^^^^ In addition, the oxidized ores 

are coneerncl the ^^-!^'T^:;^:;^;''^^A, therefore, that when the primaiy ores 
are m general more desu-ablo for .meltmg- i^ ^ „,etaUurgie trcttment, but this 

are reached thev will be of lower grade and ess ^K.irau e 
does not hnply that they may not bo profitably exlraciea. 
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It i.- not iiiii.robnhlo thufc the zinc thnt lias iuuni romovci from tlie upper portions of the 
deposit ^v-ill be found iji ercnter concentrution lU lower lc^'cls as tlie carljonato iuui sUicatc, 
th'ou-li the present aevcIoi)nie.nl3 .lid not peruiit a (Ictorniinalion of mis mte.resuiig aad unporUiit 



ipi 
point. 



SECON-DABY ALTERATION OF DEPOSITS IK I^VA FLOWS. 
KXAMPLES. 



Tlie Horn Silvef depasit is tlie Ixst example of secondary iilteratton of the deposits in the 
iaviui and piosents some exceptional opportunities for study. It is unfortunate thafc a detailed 
study of the upper level:! of the mine \\'ji3 not made while they were Accessible, but a good idea 
of the jioneral chiLnitter of the oie in tlio^e levels (-an be obtained from the reports of Hookftr 
«nd C!umiuin<'s, though these reports were eoncerned more with the e^immercial than with the 
scientififj problem involved. 

The Cuihonnte mine h the only other deposit in the volcjuue roeks t)iafc has been developed 
to any considerable extent, but no opportunity was nITorded to make a ertrcfiil study of its upper 
levels. As already stated, however, so faruscnn ho learned from reports there was little second- 
ary ore in the mine, the lack of all4^(rutiou apparently beinj^ due to the fact that the local water 
table is but slijrlitly below tlie present surface. 

The followint^ discussion relates to the Mom Silver mine. 



tKlU.VnV MINKBAI.S. 



The important prinuu-y ore minerftLs in the mine are ynlenu, sphalerite, and pyrite, with 
small amounts of jamesonite or some closely allied mineral, chalcopyrite and po-ssibly other 
copper minerals, argentitc, and pyrargyrite or some mineral closely allied to it. The (irigimd 
distribution of the lead, zhie, and copjjer minerals m the main ore deposit was probably fairly 
uniform, thnufi!;h it is to be expected that tlu^ relative proportions of these metals would vary 
stimewhat from place tu placp, and they were es-scnlially contemporaneous, but pyrite is in sonie 
plaees abundiint wlicre lend and zinc minerals aie relativelj' scarce (»r nlmoet lackinjj; and these 
portions ol' the deposit may be of slij^htly riilTcrent age. Such portions ore especially well exposed 
in the seventli and eighth levels in the north end of the mine. The "silver slopes " are in tlie 
oxidized portion nf this deposit. Some of the "spai-ry"' ore in the upper levels is reported to 
huvt^ consisted chiplly of bnrite and rich silver muiernls with little or no lead and zinc. These 
t}-l)es, liowever, are of reliUively sU|:rht iniponarice when compared with the deposit as a whole. 

SKOJS'D.MlV M1NEKAL3. 

Tlie most, important secondary lead mineral la the sulphate anglesite, which, as showm iJi the 
analyses on page 117, formed a large percentage of the ore in the upper level-. In addition thei-e 
aro relatively small amounts or plnmbojarosite. beiiverite, cerusite, linarite, and a secondary 
lead-antunony mmeral, probably bindheimite, Zinc oecui-s in secondary minerals as smith- 
somtc, calamme, goslante, nnd wurt^^itc. The secondary copijcr minerals are co\'ellite, chal- 
cocite,bro.hanUte, malachite, a/.urite, ehrysocolla, chalcanthite, and the lead-copper minemis 
boavcrue an.l ImarUe already meutioued. Cerargyrite was the onlv important secondary sih'er 
mineral observed Hydrous oxides of iron and manganese are p'reserit in the secondary ores 
l^ut are not usually abuiulunt. 

.l,u„'!i!!m'hrH, !"■'"'"','" ""•?""'"'"■■ ^'""""" nii^nils are ohulccdcny and kuoiln, which aro 
W ! . , «;;•«'"'«'■>• -Ive,- ore Gypsun. i. present i„ c.nsMoAuo a.nounts and abmit* 

rX^wLrz:;;::"!:;:.'^'" '°"^^-"" '" '"^ "^'^"- '"'^'^- ^"^'- -'i"-' «- ■"'" 

nE.NFUAL aUK.VCTKK OF TUE OSES. 

AtteniioD has been enllcd hx- <:.].'' r?^ . . . i 
.uetals in the mine «nd to tl e n.>ssil^ll, I 7-T" >" '^'" '''^^''' ""'^^^"* distribution ot (he 
«_wj^p^>^ibditics of mteresting rc^idts fxom the si udy of tho secondary 

iTUoManiir.vi.l U..ni Sih-er miar^- Iwo UrMK^i T T " 

ixn. pp. ^^«. ^ ^^^ '.-P^ ^ «. .Wpc«« u, tha 0*^m .{ .-,„. ,.,( .s,,.,.i,, Trnn.. .Km. hut. NFia. Sm-. vol- 3l. 
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Qltenition of the deposit. In the iipiwr levels zinc ami ooppw* wore pracaonlly absent, the ore 
bcintr an oxidized load-silver ore. From a i!c]»tli of about G50 to 750 feet there were bodies of 
rather hjjfh grade zinc iind copper ore, and in about the same vertical position lire small bodies 
of rather high grade silver ore. On the lower levels the deposit consists of mixed sulphide 
ores of relatively low grade. Ail the richer ores are Indieved to he the result of enrichment and 
the value of the deposit has been due very largely Uy this process. 



Tn'E.S OF OHF. 



The orp l>ody may be divided into three zones which sliow perfectlv definite eliaracteristies, 
thoui^h they grade from one to the other. The zone of oxidi/^d ore extends from the surface 
(o the fiftli and probably nearly to the sixth level, though showing much irregularity. In the 
norlb end of the mine the silver ore has been highly oxitli/,ed us far as the eighth level, whercHS 
ui the south end some sulphide ores are reported al>ove the tiflh level. The zone of enriched 
sulphide ores comprises the bodies of rich copper anil zinr' ores extending from ai)out the OoO- 
foot level to the 750-foot level in places and to niucb greater depths wliere the conilitions were 
favoral)le, especially around the margins of the deposit atui in portions that havesnft'cre<i strong 
b'.-eceiation. The zone of piimary sulphides extends from the lower limit of secondary alteration 
to the extreme depth of the deposit. This zone also is irregular, but as alteration has exttMided 
downward only along the more favorable lines mucii of the ore below the Sofl-foot level may bo 
considered n-s proefcicaliy primary ore. 

For a number of years tiie I[orn Silver ^lining Co. kept a record of the ore mined and the 
metal content by levels. Tliis i* shown in the following tabUv, tiie first giving the total ore 
and the nietal irontent, antl the second the content expressed as percentages and oiuicea per ton. 

l*arlia' mnjrd iy '' ''tf" tijtit ore /ot.K fmm ih* Ilnra Sitrer miiK. 



Cave 

First Level.... 
Seftmd le\'rl.. 
Third Ie\-rf... 
Fourth IcvH. 
Fifth tovel... 
Slxttikvd... 

ElKbthlcvd. 
Ninth tp.vel... 



TotMlDf*. 


L«Hd. 


SiJ^'iT, 


CuM. 


Copper. 


31,725. U 
4,l«ni49 

ta.r>t>T. J3>j 

)0,WW>, Itt* 


1^.173. ST 
%316.7K 


1,7*5, «». IB 
l,i»2,753.9l 

isi,7ir.a 

l,s-i3.0«7.LW 

■*S1. «.?. Oj 

l,.Wi,»*.>i 


Outtas. 


rmitdt. 












IT*. TTj] 

MM 13 


l,*M,»«.(B 


3C!l,aa0.59 


98,1K).1]>J 


8.i.75,.Tr7.(« 


l,:<7B.flii 


■1, n3,-349.8!i 



Partial rtt-ord by lei'eh o/ partntayt of kt«i and copf^r and ounetx prr /on of sihtr and gold takmfram Horn Slh ^r viine. 



C«ro -- 

r»xltev*l 

ftKood Ipvel 

Third Wvel 

Fourth Icvd 

KU!hlc\>*l 

atxthWvH 

Suvcnfhli'Tfl 

Elihlhk-vri 

N'imb level 



■ 


XtwL 


Silver. 


C!oli). 


CDpper, 






Ottncri fur 


OumxptT 






ttrtrM. 


too. 


torn. 


Peretnt. 




-w-n 


2LH 


0.0>UI3 






36.87 


M.» 








MLB 


M.3II 








«.M 


3».«) 








«.« 


n.u 








aiM 


«.« 








V... ar.m 


26.I<I 


.0H2M.5 


.l7-(0 




• 31.M 


aL« 


.Oll-M 


2. ST.-, 




W. IB 


».«! 


.0097 J 


.SO 




»*.s* 


2a.i« 


.(B2£l 


CM 




1 34.61 


31.«J 


.0OM3I 


.7iV19 



These tables have been compiled from the reports of the Horn Silver Mining Co. ^vithout 
change rnfortunatclvthcvdonotreprcsentoxaetlyt1.elevelsfromwhrchtheore.^^^ 

my L luoj uiu .y :, i hoisted. I' or example, the copper 

but m some ULstances apparently the level noni wnn " .,n„,L,. „«,.* ^f I,o 

. ) I ;.,.-, rfrtni th^ iiuil-h level is stateu ui anomer part oi ilie 

ore that is sbov^^l in the tables as commg from t»'C "V'!' , , , ^ 

company's report to have come from the seventh and eighth lev cLs, 
7;iy6:i°— i:t— Xo, 80 10 
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, . xoxi: or oxidation. 

So far a9 the statistics m [he pi-wx-ding tublos nrc conceriiod, the /one of oxidfition may be 
considered as extending from the surfiice to the fifth lovol. South of tlie fmdi that limits the 
main ore body in the upper levels this zon*', as BlrciidTstftted, did not extnnd to so ^cat n dept^i, 
and north of the fnult it extended to a much gi'cnter depth in the silver ore body. The ore from 
tlieso porta of the deposit, however, was not mined during the ponods in which a record of the 
output was kept by levels aud was eomparutively small in umount. 

In this zone the sulphides have been pruclicHlly tiltcrcd entirely to secondary mmerjils, the 
Icftd being present for the most part as sulpliate and the silver probably very largely as chloride. 
No careful exainination of titla part of the mine or of the ores vftd possible at the tmie of visit, 
but the follou'inp deseriptions nnd nmilyses taken from the IlooUer and CHimmings reports give 
a very good idea of the eharacter of the ore. 

Tlie subjoined quotatioM from Hooker's report describes the character of the ore on the 
upper levels: 

The ITorn Silver wfti aru ni'Huihndshci^ a'- tlie miny fis inillijis am, smeHirig <<>f, onJ leaoliing ore, The latter, 
howtver, is pruperly iilno a Hoiclung ore?, fcnt iw it tins corlain '.jalim?^ tlifferer.t fnmi llie rcwt the name, iilthoiigh not 
iiKfjgcllier 0, c(wtcv.% one, nill lie rf-t«iiied in this report, 

MilUng off .— Thi) nume milling ore h(w Vteen upplicil lo thiit porlioa o( the ore cuasifii inp csMniilifilly oi heavy gpar 
carrying (■hh)ri(le of ailvw, Biilpbidem'«ilverj£«<i niliv silver. It incIude«bo1li Iho sp-.ij-ry orp, wj frequently meationed, 
andtbatik-diTibe'liiB molt led nni, Upt-ides certain oMiervarietitwi found .idjoiniiig or intei'siH.'in-«:jil with thoae. 

Thelerm nf milling oro ha^ bcfin ivloplt;tn>OL'anH'?, lieing for the mcj^tpiirl. free from liyid, it. is adapted to tte milling 
procesB. Tl may, how-evpr, iio smelted alto, nnd is '.hu.<! Ireutei] at Fridco. WTjile the cjrj'sfalliMd sparry ore cotjai.sla 
wTjoUy of oulphtite of baryta, exoepi, of eenTie, the silvi-r minemlB coulrtioeii in this gttngiie, the mottled ore contoina 
nrnre Riliea and, fta wil) bo Btt-n, ihe gwingnG nf w^jiie varietiee uf the milling ore i^ ntade up pnncipiilly of piiica. The 
milling ort-f? [-cmKiilulo ihe rii lio--:t i«\r\iom nf Ibe ilepttiit., carrying from 75 Co 200 ouin-cs in silver per ton in qimotity, 
while tmnUer Kimplea run in'.o ibo thmisiinda. 

Amtjft of Kiceted jrpttimats of mUHhg ore. 
, ■ [Slivpr.por ton d( 1,000 poMDd,.;.! 

Onr.i:w. Ounces. OiiJKCS. 



1 225. Ki P. 303,50 

2 7?^.f» 7 fi79.50 



a 1,106.60 

•1 1.023.25 

B- I.Wfi.24 



R a2B.OO 

9 ^1^4.00 



10 136.50 

n 1,237.00 

\2 1.48S.34 

13 8,544,70 



ThGft- ni«aj-(i wen. miidc from iho Ki)pc-imeri,s numbered, rc->pecti%-(.lv, ! |<, 1:1, Avhich ■M■nvlmxlV.^■ this report. They 
Diay bfl dGscnbwl m bripf ita fult.iws; 

1. Heavy spttr nilh ruby ailvc-r, piirlly dccoinpiwi'a . 
■'* 2. H<wvy aiyAT wiih chlonde of Hilver.* / i 

, - 3. Heavy spar with ruby silvf.r, pftrllydec»™p<;wcl. 

r 4. Heavy apftr, with ehlorido of silver. " 

. * G. Heavy sjsir, h-oto silicft, ruby silver, 
. ^ fl. SpiiiT>' and moMtcd ore. rul)y silver, cldoride of silver. 
. 7. SlulUod ()W. some spar, n li'.tle lead, ehloridc .^r «lver. 

8. Spfirry ;%m\ moUk'd.ore. -A-ilh nby hiIvit, 
' ■ ■ 9. Sp.trry and irto'tlwi ore, ruby ailver, ;i»d phloride of «ilvrr 
, ^. 10, Molil,:d ore, i^iliceoiit*, niby silver, parliully dwfimjywid 

_ 13. Snme uitwle la lasl, „hh ruhy mlver and chloride of silver 

i-h. 




SO ix,r coot to CO pi,r cent and Ik. »ilv« ir,, ,7ln »»rawlBt hetwwn oertain limits, Ihe Irad i 

oi .ho s.h,», „, Mi„., Ke. ?:rt z::!^;zx^':;^::^:zf' '" ™'"""'' '- '^- '• "■ ^™ 



irom 

(lie rnlntive 

berry, E. M.. 
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.1. PYRITE IN' GANGUe OF QUARTZ AND BARITE, HORN SILVER MINE. 

Pyrite incloses abundant quart;, Enlarircd 40 diameiars. 




- cv..n.Tc unRN SILVER MINE. 
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R COVELLITE REPLACIf-iG ZINC SULPHIDES, HORN SILVER MINE. 

Zinc suiphidt-^ in tha contcr. siirroiintied by lone o( cov^l An containmrr considerable udrepiiccd iinc SLipnl 

Specimen callcc'.ed by D P Rolfinpr. 



ALIXIJATION OF OUKS. 
Aml^Uof Ihn- Silcron Xo. I. 

.MoM»re ,. .y-'-"'- , 

..... I iiUL'leniiinrt.1. 

^'^'■■' : 15 17 

.Siilplute '>i Iiuriuni 

Sulplwte oi" lend „,' ., 

-, . . , ,. 7-1.01 

N'squH)XUie ii; iroji ^^ 

Sfsquioxiilft ot'fltuuihirt '_. 

Sulphide ot aulimoiiy '„» 

Siilpbide of ariscuii- ,".^ 

LLnie and iii;iijriCTtiii , " -- 

Carbonic acid ' .^ 

Silver (by iire :i^-;iy, 7S.;{,1 [(.uncesj ik-t Um), 
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89.02 

"Xo zinc n;i3 found; llu' quantity i« certmiily vt-ry amall »ml rii.l not Aww UMi. alihotiBli » Hpiviwl d^-lprmintu 
lion wr,? mnde (<» :j^f-frtain it. Thu nieUillic loild. iiriC'nic. nnd luitiiuntiy in tlit^ ore are ai fnllown: Lcid, 5i».B0 piT cent* 
u/seuic, 0.03 per cent, iwiliuioiiy, 0.2(1 pi-r cent. Tho I'.iiiuunl of ni<iiiitare in (lis ore it* very Mtinll,' Iho Hvenigo of 
the mnHif-niiiie I)eiiig Ipm ilniii .t.S per cent, ?n<l (.lie y:'Siip\c analyzt-d above had U*on tliomim-hly dried." 

LfichAng ort.—T\\c *3-(;LlIed lent-hUg twrc Itua U-i-n referred to ua occurring un rke fmirdi iind fifth levelM. It is 
stjniewhiiti diirtinct froni any «i tlw ores previously di-scribcd mid q-jite difi'i-ivnc ia iij»p.':.in>iiix\ It in moro or less 
hard and c(mip.\cl, red, wiiiio, mid ycUow in color. .\ partiHl urialysti> of a ^inpb i>i Uiin ore vfus uIhi made l;y Mr. 
Newberry, showuig its princiiwl ingRHlientji. Tlic follimiug arc ihfi n-suli.-;: 

I'ftrtinl aiiuUf-m of Horn Sitirr an: A'fi. >. 

I*ernetit. 

Silica 41. 'Mi 

Sulpliato of bariiifii _ 2. 71 

Suijihalo r.i h'ftd 2«. 80 

Se,squ:yxidy tjf aliiniina 12. 5.') 

Silver (by lire aj«ay, S(i otir:)-^*' per (ou). 

U2.01 

"In addilioii to these toti«(itiieii!-s (he ore ronl;itUH a little zinc, carbonic acid very Httlr, more Lir.-ciiie and 
fvntiinony than are No. 1 , a Ijrare onlj- of lime, and risninil huL qiiito noliceiibJn anaount of magni'jiiji." 

Wbile these are the imiiu distinctions in the character [if th« Il.irn Silver oren, 1he liiiM bt'twceii them cim not 
nlwaya be dniwn t^o clwcly. They vary greutly in ditferctit piirlii itf the mine, soraetimea ia very sliort intorvaJfl, 
riih onjs altemaiing quickly with leiiner onef itnd puro tnnplting uri'n with (Jime contjiiaiiig no lend. That winch 
h:is for rtiiiveiiicncG been designatftd a-s moltlcd ore oftvn inrriea en si d era bio lead and is more properly a Binelling 
than ft milling ore, and much of the lerstliing ore containa loss {cad tlian ia shown in \\ie Jibove analj-His. 

Tho ore coming frorj rlie mine \\m, with the exceplion of the eparry ore. a yellow color, due to Bidphiito nnd oxide 
of le:i<l; Mie more ^LlicoouB portions are E..nncwbat kird, but the bulk of the run-of-mine is quite «if(. It w difficiUt 
to make an eatimute of tho relalive araounta of the different kilida at L-re found in the diffcrooL worldn|irs and impowible 
lo give an exact ooe. The ainoimt of pure cr>-ata]|!i!€d heavy ni>.ir o.t !il present diAkwil may bo i-tatrd at iilxrnt 
2,000 Ums] that dm-rilwHrM mottIc-1 ore occupies much more ^ytu^, and ihe so-called leacbin^ ore ccinpriw'H at leuoC 
half of the ore discli*ne<l on the fourth Ir^vcl. 

The following stiiteracnt taken from tlu- same report t^hows the uveruKo nictnl LoiUeiU of 
the ore above the present SOO-foot lovpl, as detenniaed at thut time: 

iSxtimah Q/wftifn mnlcnt* of fht mc. 



Av«rMf rnttlen^ «r sm.tl I«e o« R^.r. o,>p^rj«.rViT^>. .i* '^'^"^iy^^J^''\^y^^;^:t^A V^ .r^ 

ArcngeiLXinlrui.tul l5.iWil taiw oforcrwSuc^upl'J JaU" 

Am^reolalltbeiibOTv 



fiHrvr. l.Mul. 



«.8r 

i7,75 



l'€T cent, 

45, « 
47,00 
3it.S3 
43. n 



„ ., . „ ,.,i jT lyi Tvrr cnt load This estimate U cxclu.-iivn of the milling 

Or we :n«y call it ol ounces «]ver per '"''^^"^.'^^'^^Pf.; "^.'f he r...n]t ."ill W to n,at.ri:dly incrt-a.^ the 

or^s-the richer portion of the om.. If Iheae ^ '^^^ '"J^;^ ' Ji^'J,'' j„ ,^, j„ag,.enl of the . rifcr, thert^fore, 

relative a»...uut of .ilver per ton and to d.^-m^ 'I'VhXV'^t^n n-^ ibe value of the on. now in «ight in .he nnne! 

the above %iirea will wr^-o a;* » very wfo lioaw iip-'O « hicU to y»un»nie '"« 
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The ftvera-c met^il content of the ore rxtmrterl .ibovc iUo fifth level, as sho^v-n in the table 
compiled from^he Horn Silver report, amoi.ntm^' tu 107 030 tons., is lead 3S.09 per cent; 
silver, 3S.63 ounces to the ton. It should be remembeied, however, that the table does not 

■' ' include all the oie extmctcd above this level. 

The notable features iibout this zone ore the practirnl :ibsence of zmc and copper. The 
- ' ' latter metui 13 not t-ven mentioned in the reports of Hooker und thiminmgs or in the early 
reports of the Horn Silver ifining Co., and su far as can be learned it wiiii not found in important 
amounts above th(^. sixth level exi.ept in the small area south of the fault. Zmc was not found 
in any consideriihic amounts above the fifth level ex'cept in the same area,, and it w.>3 reported 
from'the extreme north en<l of the fii^t level. It k possible, however, that the material 
referred to by Hooker as "plumbic ocher" may have been beaverito, the sulphate of eopper, 
' lead, and iron, or some other ferri(; sulphate, because Iciul oxide was not found in the diimp, 

whereas considerabh^ beaverite was seen. The failure to rejjort antimony in greater iiraounti 
in the upper levels may also be due to the fact that the secondaiy minerals of this m<^tal were 
not tec.ofpiized. 

The only [)oint at which the oxitlized zone was well exposed at the time of visit was in 
the aiJver ore body on the seventh level and just above and below that level. In this part of 
the mine both the ore produced by the original minerflli'/.rttion and the secondary ore are well 
expoeed. 

Tiie primnry nuucralization consisted pioxicipally in the formation of pyrite with vftr^'uig 
but small amounts of galena, sphalerite, and jamcsonite, in a gania^ue composed of the silieified 
lava and more or les.s bftvitc. The amount of sulphides formed ui the originid uuneralizQtion 
varies greatly from point to point. Wiere most abundant the ore is composed of a mass of 
small pyrite crystals surrounded by fine crystalline silica. Lender the microscope it is seen that 
inegular crystals ot quartx are inclosed in the pyrite, showing that tUey were being formed at 
the same time. (See PI. XXIII, A, p. 146.) Microscopic crystals of barite are abundant and 
>t- ."- are of t-ho same age as the quartz gangue but were not observed inclosed in the pyrite crystals. 

' Microscopic er)-stals. of zircon are idso abundant. In the less strongly mineralized portions 

well-formed octaheilral crystals of pyrite aio irregidarly acatfored through the gangue, Wiere 
well crystallized, the pyrite usually has the simple octahedral form. This pyritic ore carries 
some silver, but not enough to be of commercial gi'ade. 

On oxidation both the iron and the sulphur of the pyrite are removed in solution, probably 
as sulphate. Sphalerite is also removed as zinc sulphate, but the lead remains as the insoluble 
sulphate and the silver originally present in the pyrite also remains, probably as the chloride, 
as A teat for chlorine can be obtained from the ore. llie typical material resulting from the 
alteration ia a white to yellowish mass filled with cavities "retaining the shape of the pyrite 
erysttUs. In the low-grade ore the rock is so cellular that it wiU readUy float in wat*T untU 
it becomes water-logged, and in the higher-grade ore the walls separating tTie cavities are so 
fragile that the mass cvumbles to powder iu the fingers. 

In the process of alteration the gangue has als.> been changed in part to a white, chalky, 
brittle material. Under the microscope this i.. seen to be an amorphous mass, with index 
below that of Canad,! bidsam. It contains both silica and alumina and is probably kaohn or 
an aUied mmeral mixed «-iih amoqdious sUiea. In the specimens of primary ore examine.l 
no ttlummuus mmera was present, and the alumina present in the secondary silver ore must 
s duo iTnl ,";; '1 f7^ the process of alteration, l^he enrichment in the seconda.7 ore 
conrlcH t^ M . •. .^-^ T^' ^^'^ ^'^"^^^ '^'' ^'^^^ of ^'^^ «"?in«i "'inerals, the sUver 

tZentt W.M. rlrr. ^^^^^^ht of a given volume was greatly rodneed and the silver 

■ T^^^l^7X;^fy'\'''''f, ^" '''^' '>'P^- ^^>^ "^--"^ ecDular and i>alkv the ore 

and a'o t ^^^oi:'^^^^^ '''' --7f 'i f-- 35 to S3 ounce, of sUver 

le^ul being reported. ^' ""'^ '^'"'"^"^^ ^^^^le lead, in some shipments 1.0 
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ZINC SULPHIDES, HORN SrLVEft MINE. 

ordinary Uphl- Enlartjed -IS liiamututs. B, SarfiOfipccImftn 



■.^ -irflifiarv lit/hi. Enlarnred Ji lilofTiututs. «, SarfiO 8pCCim«n 
a-, .-ir^.th cros^d r.icols: d.vk af*^s ^P^^f ^g "' fp^c-mc-n ai ^^ with crcsscd nicoU; licrhi .,.0. w.a..t«, 



surroundirg a center of spMlento 
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A. ZtiNC SULPHIDES, HORN SILVER MINE. 
Ligfhl aroa? Kolas in Iht saCtloi. dark areas galena, ^ray zinc sulahidas. Ordinary tip;ht. Enlarged 43 diameters. 




^ SAME RPFr.rMPM 



ALTKRATIOX OF ORES. ^^q 

In 1893 a shipment was made of ore from the ei-lith kvo] that, carried 300 oimccs of sUvcr 
to tho ton and iS.o per cont oi load. This oro was po.sihly of tlio samn tvpo. It is probable 
that, some of the rich, silioeou.^ silver ores in the upper levels of tlie inine were tiU> of tiiis Ivpe 
As already noted, however, tlip ore of this lype is of relatively slight exient and quite different 
ill charaeter from the hulk of the ih'))osits. 

:'ONK OF ytl.HHlDE KMJUIIMKNT. 

The. zone of -sulpliide cniiehinent i« f.hdrae(erize<l by the ]nesenpe of the secondary copi)er 
sulphides covollite ami ehaieoeitc and the secondarv zinc sulphide wurtzito. The hi^li-t^rndo 
e.o|)l)er and zinc ores tiiat ha\ o been extracted are believed lo be tho result of secondary nlter- 
ation. 

The copper miaerfUs ure co\-ellite and elialcocite and probably n copi>er siil|>hal^', either 
briichantite or chaleniithite, as a strony sulpluite tost can bo obtained from any of the copper 
ores. These minerals have been fm-med as a replacement of sulpliides of zine (Pi. XXIV, B), 
inm, and load (PI. XXII, 1), p. 141). Wiere the zinc and lend snljihidcs hftve been replaced 
tiiere is commonly u thin lilm of u slate-hlue mineral between the nniiitercd material and the 
copper sulphide. It has not been possible to get .suflieient of this mineral for ehemieal deter- 
mination, but it is believed to he a Kul]>]nitc, lis the tn-e gives a i-Qsl for suJjiJinte. It is possibly 
a coraplex suJpbntc of copper and lead or myppcr and zinc. Tho relation of this mineral to the 
primary and secondary ore i^; similar to that already descri))cd (p. 189), jus shown in the altered 
chidcopyritc fi-om tlie O K mine, (lovellito is the more common cojiper sui])liide in the speci- 
mens examined, but chalcocite is also present and no evidenee hearing on the conditions which 
detormbied the formation tif one or the other of these minernls was obtained. In the .s]>ecinien3 
examined niicros«)pici\lly in wliici; pyrito has been replaced (see PI. XXIII, JS, j). I'lG) no 
mineral is seen between the iron and copper sutphi(h^s. 

In the richer zinc ores the lioxa^onal zinc sulphide wnrtzite is rather abundant. Its most 
common mode of occurrence is wholly or partly iiicasin^^ irre<;;ular grains of sphalerite and some- 
what resembling in relation the copper sulpliides tluit have replaced zinc, ami pyrite. (See Pis. 
XXV, XXVI.) The cleavage planes of the wnrtzite and sphalerite commonly coincide and in 
ordinary light they Inivc tlie appcurance of being homogenco'js mineral grains. It is only 
when placed between crosse<l nicols that the dillercnce is apparent. In many ])]aees well-formed 
]>yramidal crystals of wnrtzite project from the sphalerite and are surrounded by the ganguo 
minerals. Here and there blades of :.lie wnjrtzite penetrate tho sphalerite grains, usually along 
cleavage lines, and give a general appearance similar to tiiat produced in twin crystals. Not 
imcommonlv nnder tho high power of tlu^ microscope a fihn of mirtzite is a]>parent along the 
cleavage cracks of sphalerite grains that under the low jiower ai)pear to he composed entirely 
of the Isotropic sulphide. Many mineral grains are composed entirely of wnrtzite. These are 
commonly the smaU grains but include a fe«- of the laiger grains. A rather exceptional type as 
indicated' by the sections studied consists of more or less splierieal grains composed of nidiating 
wurtzite ciystals. (See PI. XXII, C, p. 141.) These are commonly reddisli yell:)W to bro%\Ti, the 
color becoming deeper towar.l the center of the grain. In several si)ecirnens a core of ymrtvAte 
was ai>parently surrounded by the isotropic sulphide, tliougii thus relatjon appeai-s to l>e the 
exceiHion and in no instance" could the wurtzite be shoN^ to be entii-ely snri.)unde<l. Small 
grains of mn-tzite are entirely inclosed in vein quartz that has been formed since the breecmtion 

of the ore. ... , i , • i 

In the nnissive sulphide showing slight hreceiation the zme is pi^e.^ent almo.st entn-ely as 

sphalerite. Under the high ,>ower of the microscope some doublc-rufracting material that is 

probably \vnii.zite can bo detected along tho cleavages. . ,, * ■/ t. ■ 

^nie study of rixe ore-s brings out these facts concermng the occur.-ence c, the war zU e: It is 

very la.^elv confined to the highly hrecciated ore; it ,s must abundant n. he richest z.nc ore; 

• . -. 1 ;,..;mc «f ^nhnlerite many of whicii then have the outline of 

very commonly it surrounds grams or spnnierne, nwi ^ 

wurtzite crystals. 
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In acfountin^ for the origin of tl.e wurtzit.. and tin-, roialion botwoon the wurtzite :uid 
spiLilcrite sevcnJ possibilities mist, ho cnnsidcrt>a , ,, ■ ■ , , 

Tt may be iisRtimod that tl.o wurlzito and sphnierito arc iK.th primaiy mmerals and t^sen- 
tiallv c'ontemporitncous. The faot that the wurt/.ite is ahnijsl absent trorn tho massive prinuuy 
sulniiidn m-c-s, however, knaves. little room for douht that .siu-h an i.ssumption is not corroct. 

Tiie WTjrtzitG iriiiy havo resulted from alteration of the si>halerUo or, on the, other hand, the 
sphidorite may be the result of niLeration of the v.urt/Jte. As sphalerito is known to chanso to 
wurtxil a at ii hi^li tempr.ratiiro, ami as it is possible that (ho \\qjrt/,ito might change to aplialerlte 
under fa\'orabIe ciinihtionS; both these assumptions are possible. The former is natnrally siit^- 
gostod, because the winl/<ite iy wnfrned to llio breceiatcd ore, and it. niirjht- be supposed that in the 
bri'ccintion sidlleij^nt Iie^it. was ^'enerated to effect the transferniation. If this had taken placp 
the wurlzitc sliuuld have formed, it would s(*m, as [)seudomoi7>hs after the sphalerite; as a 
matter of Uni, hou'ov<;r, mucli of it has iho erystal form of wiut/Jte. 'I'lie same objection apphcs 
to the aiisumj)(.ii)n of (ht; revoi-sc diungo, for tlio sphalerite has ninvherc been noted to have the 
ciyshil form of wurtziUr. 

It mij;iit bo oxpwtod Mmt zinc sulphide woidd replace pyrite, as has the copper sulphide. 
Tiic upparciit <iccro:ise in pyritc that in some places accompanies an increi^o in nine sulphide 
would f uithcr fUggcst this ideu. A t^nrefnl searcli, however, lia^i faileil to reveal a sinj^le instance 
where it coidd he shuwn that wurlzito or sphalerite has rp-pliLC)'<i pyrite. 

Fiiuilly, it may be supposwl tlutt the zinc that formed the wurtzife has been introduced into 
the /one where it occurs after the formiition of the sphalerite and on prccipitiUion has torn\eil 
nvoLUul the sphalerite, which has foruishcd centci-s of cr3-stflUizati(tn, and to a loss cxt(*nt has 
crystiillizod ri'<mi new ceutei>;. Tliis tlieoiy seems t-o meet, all the conditions better th.in any 
other. The zinc may have been derived l)y leaching from the oxldiz.ed zone. Tlie presence 
of the rich zinc ores alon^ the breccia zones is (o be expected, as these '/ones wouUi be the 
nutural cliannels for the dej^cendini: solutions. The cleavage planes of wurtzite may be made to 
coincide with tiiosKJ of sphalerite, and 11. V>. Merwin, who has exi-miine<I specimeiis of the ore, has 
sug-^estod that iho centimiation of the cleavages across the contact, is due to the fact that the 
sphalerite cores conli\>Ued the orientatiou of the wurtzite that crystallized around them. This 
sceius a very vcnaomible and natuml explanation of this phentmienon. The blades of wnntzitc 
extendiuj:; into tiio sphalerite and the cores of wurtzite tliat are iippi'.rentiy alintJst surrounded by 
siihideritc iiro not easily explained if the wurtzite originated in the rnanner iudicaievl. The prc- 
donunauco of evidence, however, seems to favor this origin, though it is by uo means impossible 
tluil. some w\ntzito may liave been formed in other wavs, 

The formation of secoudaiy zinc sidphidc has been hut rarely noted in western ore deposits. 
Runsonie' suggests that tliere Ivas possibly been a secondary "deposition of sphalerite in the 
guleua-sphalcriie veins of the Breekenridge district. Colorado, mid Weed = has ju)ted the presence 
of wurtzite in the Gagnon mine at Butte, Mont., but does not state that it k of secondary origin, 
U3 noted elsewhere (p. 152). Peurce foun.l wurtzite in the upper le\'els of the Gammon nunc. 

In se%-erul places m the Horn Silver mine galena was observed filling fissures in sphalerite 
and survvHUulmg sphalerite grains in a manner which suggested that the lead sulphide has 
replaced the spliaUaite. * 

PRIMARY ZONK. 




ore thus far oxtmctc^ fro. .M ^ ^ , ^'*'"' ^'-'^^ ^'' I^'"^^ '>«' «'» ="•*■ nbumlant. The 

» wc«i. W.U.. •^^i^.-^o.u^ JS;::;;,tC;f it;^: it^^ 'Tf- ""■"' ^'- «■ '^~'- ^-->- ^'- ^- '■^"- ''• •'^■ 
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boins lugW enough to make it u |uo(It.iI)lc'. zLuc oiv. As aliv,uJy noted, however, alojifj zones i>f 
pronounced cruslLln.LC the eMnelunrnl. in /,ine Ims exlondeii to llie IkiUoul of the deposit. 

CH^MIS'l'nV or THK Al.TKIiATlON. 

In discussing tlie e.hoinistry i>f llic einieinnent of Mie IToin Silver depovilL some of (lie 
chiuiires Unit hiive been olwened in other distrirt.s may bn cited mid their bearing on thk deposit 
indic-atcfl. Suck cqxuitions ns nre izWvn are nut supposed to represent tlio actual clienueal 
processes thiit hnvc luken plfto but only the end products. It is believot! that in tlio nltenition 
inlermodirtlc snlistaneos weie formed. :ind it L^ iniprobaljle tiiiil under such comph'x conditions 
the relictions wero as simph; as i.s represented in tlie equations j^iven. 

Changes in £4me- i>J ojutlothru, — It liiis abeuily lioen pointed out that [)vri(e and ehaleopyrilo 
lire readily oxidized. The reactions may be written us follows: 

Py ri( e : HVS, ^- 70 -;- 1 1,0 -= KcS( ), 'r I U8( ),. 

Ohn lco])y [it e : CuFeS, -h S( ) - CuS()^ + I'''eS(), . 

The iron sulphate may break down lolinionile and sulphuric aei<l, a i-osult winch is very eoni- 
mou "m th<- formation of ii-on go.'tsans. In this dei^osit, however, mucli of tho iron has apiaireutly 
been removed from tiu^ ore /.one, proltjihly a.s the sulphate. To ,1 sli;;ht extent tlnv suiph;;te o( 
copper has probaljly reacted witli carbonic acid to form the cjirbonales of e<>]>per. This i-eaclion 
nmj' be written as follows: 

■2CuSi\ + 2H,C0, + 11/) =(:n(01 [VC0,,+2II,S0, -kCO,. 

The secondary copper svrlphidcs luive to a considerable extent oxidized to the basic sulpliiile 
brochiinfite, this nunend bein:; r.pjjiirently more iibundant than the carboufites. Liiid-jren ' 
luis given the followuit; equation as probably represeulinjj; liie reaction llmL takes place in the 
formtitioji of brocbantite from ehulcocito; 

2Cu,s+ 100 +411,0 -n,cu,s(\o+n,so.. 

To a less extent have been formed the more complex siilphales of copper luid h*ad Oinarile^ 
Ond of copper, load, and iron (beiiveritc), and the sjlieat4' of copper (ehry.socolla). 

The galena luis been uUercd mflinly to thesnlpliate anplesite i:nd the eliange may be repre- 
senlod by the equ&tion PbS + 40"FbS0,. The angleVun is but tai«:htly soluble and appears 
toliave moved but a short distiince from the position in wh.icli it was formed. It isyliKhtJy sohi- 
ble, liowever, and in u region wlierc water circidaled in abundance considtuaijle lend nii^^dit Iiave 
boon removed, but Xinde-r tlic conditions exiatiiifr in tliis distriet the amount of lead removed 
has been fili<:'ht. Sonu' lead curlx>nnle hrts i>een forjucd, and the reat^ior. may be represented 
by the equation PbSO, + HX0,.--PhCO,^Il,S(),, To a relatively sli-ht extern tiie more 
complex lead svUphaU-s pUuubojarosile, linaiitr. and beuvente have been formed dunn- the 

process of oxidation. , , , 

The ciuintrc that takes i.Iace in the idtenition of s|duilcrUe nuiy be rcpresM>nted by the 
equation ZnS + 40=-ZnSO., or, in tlie p.-csei>cr of sulphuric acal. ZuS + U.JSO, Zr,S<),4 IF^S 
The snlplmto of zinc is readily soluble and has been very lar'n-ly removed from the zone of 
oxidation. At the present time it is being deposited on tin, walls of the openu.^rs m ,lw hnver 
part of tbc mine as goslnrite. To an unknown but probably very s,nal extent, the .nu- carbo- 
nale sinilbsonite and tin. zinc sUicate calamine have been lornied riu^ fonner W^^^ 

*i 1 . f I ;* tl,,. ,-rn^tion heiii*' renre.'ii'nted bv the equation /nS(), + ( atO,^ 

the replacement of cidcife, tue leaciion uLuia 'm' ■ i 

.n .3+ .ah ^. alteration of the antimony minerals nnd the silver 

Satisfactory materud for a ftduy oi nu uiw i .... ■ . i i ■ i i ; 

^-,iii,uMiiK.LKJiy oxidizetl ores is ])resent as ehlonde, hut 

minei-a s was not procured. Some ot trit mi>^' *" ^ i 

to what extent ,1 alteration to ^'^o* J^-^-^P^^ ,^ ^,,^,,,,.^^^^ 

The rather abumiant sulpht-r M ^pKsc^n u ^^ ^^^^ l^^ ,^^ ^^^^^ ^^^^^^^^ _ 
to the oxidation of hydrogen suljdude genou let^^^i^ '^J^^ i^ 

. I.iaO^, WiUdc«ar. Tl.ooopt« ^i^^^^ U« <; ilJ ^^-M^r«vcl dblxM, ArU^ 
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zone Tlie oriKiiuil source of the manganese lias not been .iscertaincU. No carbonat<' or silicdte 
of this mineral wua obscrvod. Uvmy bo present in sm.ll aniounU ni tlie sulphides of Uie district. 
aanms In zone of sulphide ennam'nt.^Thai sulphides of ccrt.iui metals wdl precipitae 
other metflls from ihcir oxidi/,ed suits, the met=il of tlie on-inal sidphnle irom- into solution, is 
1,00 well established to make ri, necessary or desirable lo ^dve the evidence on which such a c^u- 
elusion has been based. Sehiirmann established the follo\vni^' scries of the metalli(^ sulplndpa 



elusion iias been based, senumiann esiuuuaurvi ..m^- ^v.^.^.,—^ — -.- -..v^^.. .^u.[.iini™ 

■ - stated in the order of the rehitive affinity of the metals for sulphur : Paliadiuin, merouiy, silver, 

:\^ .') nopper. bismuth, cadmium, antimony,, tin, lead, zine, nickel, cobalt, ferrous iron, arsenic, 

.•/:j, . ihallium, and manganese. It was later shown ihut the replacement of one metal by another 



■ \ 




mm 
ide 



..,.. precipitate silver, lead, and copper, and that iron sulphitic will prex'.ipitutc all the^o metuls 
ns sulphides. Although tins oriler has long been kno^Ti and •i^i'olo^ists have been on the lookout 
for oeeurrenecs in ore deposits, by no means all (he combinations have been foimd. 

The preeipitiition of copper by iron sulpliidcs is common and has been repeatedly described, 
tho reaction that takes place beint;; essentially that alreatly given. Why cbalcocitc is precipi- 
tated in some places imd covellitc in othci's is not well understood. Dr. E. T. Allen informed 
tho wiiter that it had Ixien founti experimentally that solutions of feiTOus iron dissolve half 
of tho copper from ehalcocit*, leaving eovellile, and uietalUirgie practices point to die same 
conclusion, but sufficient work has not been done on this subject to warrant nny general state- 
ments. Tho precipitation of copper by pyrile in the Horn Silver deposit appear;^ in no way 
difl'erent from thnt described for other deposits. 

Tho precipitation of copper by sphalerite has been observed much less frequently than the 
precipitation by iioii sulphides. Lindgren ' has described the replacement of sphalerite by 
vovellito in the Kyer^^on mine in the Morenci district, Ai-izonu, and gives the equation ZnS + 
CuS04.-ZnS0,-l-CnS to represent the reaction. He states that chalcncite has probably also 
fonnod us a veplacemcut of sphalerite. From experimental data Wells * has found the" same 
reaction to take place. Irvinj; and Bancroft Miave desciibed covellite. replacing sphalerite in 
the I^^ike City district, Colorado. They state also • that " cbalco^-itc is probably the only scicon- 
diiry [sulphide] mincnd thnt Ims not been definitely idt-utified in intimate association with zmc 
blemle." Weed^ has noted the lepUceraent of sphnlciite by both covellitc and chalcocite in 
the Butte district, liontaua. 

Kichard Pearco " luis described :in interesting minend Rss<M'i.uion in the upper levels of the 
Gagnon mmc, »t Bnttc, Mont., ^vhich in some respects is suggestive of that, at the Horn Silver 
mmo. lie says: 

^J:^Z ^l^o'^y^^t^ r'""" ^'^ ^"'^■^" *=^ '-^^ '=-S^ 'l"^"'i«ie« of a rich Bilvev a.d copper 

mrntSM follow.: SiU-er l>o,n 50 lo 200 ounV^^I f „ *' "^^ ^'"»- ^"'t-Hc-r rolnrnn .how vurving <:onU^nt.s of .lup- 
Tho oro nmy ho <-l--riboritl u ^^17^7^1?^^ ^Pl^^^r. ftu.n I u, 42 per cont ; und .inc. irom 7 to ^ por ,t.nt. 
MulU-.Uion« wlwtevw o/ the ordin«o' rop».T iTarin^"^? 7" ^"""" '^"'^^^oi tp„irU and barite but. vvithciut i^ 
onoliudincatlimuinBthcftraoimtu(coDi>;ri'rr. ■ , ■ *'*■' P^'"f«^''>' liomogcnoou^ and the only gnkle 

varielies being ritlu-r in conper I ]uL LT «-a«H^cdight variation in r,:,lor from brcwn to black, the blacker 



wtrachirc of (I»: luinenil 
ndcoccT-rrins: ill udiffi? rent 



foruiimto civ.ugb to ^U«^Jv^■^ Hmic amftll m>j'ab ih win ll^ '" '^'^^^"' '^"■•■*''"S l«r a crystal oi the mijieral, I w^w 
mid) which ary imdoubtodly wurlzite. ' *'* ^^^ ^'^aganal prinm, with th.- ]>irtne3 of (he pyiTj- 

ThiH occum"nr« of zinc blende, conuinin-. so hm^ -x ^ , 
abki, howuvt-r, that tho varieties which Jte w\i2h'i P*^*-"?""^« "^ copper, i^ indeoil n-markabie. I think il pnib- 
■ — : *|^^^opperh^ nndeiv^me some rhanpo. ihe copper beiug .mrichcd 
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by iho ojcidalioii and p;irual ili^ipiicii-aMrc ni \hv zinr. Wry tuu' fprrinK^n.'; [..1 ^osiiirilij (sulphale ot ziuc) lire now lo 
be found on t-be walls 01 the Itvels ill ihc liasihin, w-liulnviiiil<i iiuiiciUr bt'vi.rnl aduulil tlmt. the zinc bk-iido Iws been 
oxidi/.vd to a br^^H extent. I have nlfo n-;uM"ti u> Kclit-M' Ilial Uic s-aiiK- inlbi.?Tiii:s wlii.-h clf<?f;h>;] the uxidrttiou and 
reiuovul i'( (lie zinc imaj- havu cuiiseil I lie dkjpjK-araiKr oi a iHiriuwi o» lUe pIKit, for wo lind a« ^i mle, in the kils of 
oresriiu-Uetl, Ihatrruiucreiwein Iho pcrroiU;i:jrc ni ihi>i u[»iK'rui-a)mi>v.jiipi:a(.<irrt.siKiiidinj'(ictT(sJs« in tliesilvcr«.ntcr.l,'^, 
Liiid Ih^:; presence 01 native silver in sx-ry lliiu pliUi-s tiinuii^lioui tUe ii);ii!M.'« I'i llic> liletidi.- wl<uM iudkiite soaic «'rt of 
tecondary depwition of llie silver. 

In llie deeper IcvoIj* uf iho iuini_- pyriu- is iimrt-iil-dindanl Uiun in Hit; iipix-r \V','^ki^g^ and iImti- i^-i marked dfi-reasc 
in the quanliiy of zint blende. 

SciiUered through the lode we cifton Inui a hn]ir/o-]«K>kin^' jiyriii.', having a ^ini.-iiiW! win<-wliui dilTcrcnt (roHi thiit 
(il ordinary pyrit^, niiraely, tonchoidal; iuui (his minenil is oili-n riih in .■^iher. Siunr ,-iKviincnt. which I h.iw cxiim- 
juwl ccntiiined tia much as 3 per ( ent, 

A mint^ral which was ioiiu<l aboiil. :i year !i,i;o in \\\c oOO-iodl K-vel in vciy small (iiianliliea inlrrowfpd nw vecyBtiH^, 
on account of its rii-biiefia in silver and itw pei iihar «t:injiosiliari. An ;m;dyfis of a i*leite<1 i>i»o*'inien gttve: 

I'Pf pent. 

Copi)er ' - .11.10 

Silver - 2.1. (it) 

Zinc U.SO 

Iron 2.09 

Sulphur - - 20. 51 

Ineolilble residue - 1.02 

90. IS 

1 Jiave been inclined to the belief that this is a new fonipound (a ci>ppcr-silvcr-/.ini' niiticnil). If wo P'gard the 
iron rtwroplaoingaportionof tliP iinc. we arrive at the r(»rniula,3CU;.S+Ag^.S-i-ZiKS. Whether llic /iin* may liu reBaidi>d 
r-t an accidental admixture or as part an<i parcel nf the mineral I nin not i)repiu"e<l (0 tay, hut. judging from the uiufomi 
clniTiU'tcr of the niinonil T should be inclined to lielicvc that /,inc cnlcrrf into ita c«jmpi.t=iliori. 

It seems U) the writer highly probable thtit the ore described in the foreijoin^' quotation hiis 
resulted from a pjirtial replacement of zinc by copjJor ore. Specimens cotlected from the Horn 
Silver mine that have the appeanincc of a single mincrn! under the microscopo are at onco seen 
to be composed of zinc snlpiiide partly repliK-.cd by eoppei- stdpbide. Pearce evidently saw that 
tliere had been an enrichment in eopper at the expense of zinc, and if the process of enricliment 
had then been well understood lie would possibly have refo;;nized that process as having pro- 
duced the Butt^i ore. 

In the Horn Silver mine covelUte is the only copper aulphidc observed to replttce zinc, 
(hough some of the covellite has probably been later tdtorod tn chalcocite. The occurrences 
described seem to indicate that covellite more commonly llian chtdcocite replaces sphalerite, 
whereas the reverse is true in the precipitation of copper minerals by the iron sulphides. It 
will not bo surprising if further oi>servations show thut the norjnal reaction b^-tween sphalerite 
(ZnS) and copper sLdphate (CaSOJ produces coveUito (OiS) rather (han dudcoeito (Cii,S). 

For the reaction of copper salts with galena, Wells' h«,s given the equation PbS + 
Cu(N0,)-. = C\iS + Pb{N03),. The corresponding reucticm with tlie sulphate may be written 
PbS + Oti'sO =PbSO -1-OuS It is by no means certain that more ooini>lex sulphates arc not 
formed during the reaction. Such sulphates are present in the mine and it is i>o..ible that 
some of the lead has been transported iu the form of a ..ampU-x sulphate that is more soluble 

than anglesite. , ,i ., • i lj u • ■, ^ 

From their relative snlubilities it is to bo e-xpeeted l_l.at v.uk: snl,.hjrie wou d preapilat* 
lead from solution, and such a. replacement, of .phalenle by Kal.m, l,as been noted by Irv.ng 
and Bancroft = at Lalce City and by Ransome ' m the Breckenndg. drstnct m Ulorado. 

In some of the zinc ores galena h,^ been formed along fraelnres m tI>o gru,n. of z,nc 





V™^r Luk. cut-. Cofo.: UuM. C. S. (^^1. -^t^rv.y No. 47N. I'.n, p. .;-.. 
Jl*lrfc(,CoOm.io: ITof. I'apw ^- ^ ^wl. Survey \^. 75, I'jll, p. hs. 
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sulphidrs !>ave replaced thn .i-.c ll-n line brUvcon ih. two i. ronuu-knbly sharp. (S.o. R 
XXIV B V 1'17) Tlio chomicul change thai has Ukf'n phice iu:iy be rcpresptilod by tUt- 
reaclinn ZnS-hPbSO,^ Pi>S^ ZnSO,. It, L^ possible, however, ihut the load was in the. fomi 
of some «alt moie sMiihle than tlio simple sniphnte. Tt mi-jUl h^ expected tbnt pyrite would 
be replaced hv -^iilcna alsd. but no exnmple of this was not?d in the specimen:? examined. It 
is not. likely thllt st^eondarY gulenu h.us been formed m very largo anvuints in the mine, for 
mnst of the lead in Viii: «pi>*'r !i>vels bus bei>n trrtnsfi>rmed to the very sbtrhtly suluble sulphiite 
ami there is no evidepcn of iiny ri)n>iiilei-Jil>I«> mi^^rution oi th(^ lead, ij.s ihevn is for the copp.^,- 

and /jne. ... , . i , - i ■ i 

The reaction Ihat bus fnken place in the preeipUntion of zinc, snlpl\uie ls somewhat, niieer- 
tiiin. It i.s (o he exi)cetrd tliiiL /-ine would rcpbice i)yrite umi it se?iUH tluit pyrite ha.s been 
removed from at Iciist some of the oro to which ennsiderablo j-.iiie aidphide has been udde.i, 
a fnet which mu\ lie interpreted us mi-anin^' that the pyrite has been rejilaced and tile iron 
removed as sulpiiate. In none of the ore examined c:in the zinc sidphide be setiii repbieini,' the 
iron, but thero are iibnndant speeimciis that show wnrtzile surroniiding sphalerite, appar- 
ently as a latiT growth on it. Tliis sm^'gesls llnit tlie precipitation luis been eti'ecled by a,itent.s 
other tiian the pyrite and tliat the attraction of the sphalerite has cau.sed the secondary sul- 
phide to be added to it. 

Tiie reaction corresponding; to thi* one Riven by Stokes ' for copper salts may be written 

as follows: 

4FeS, + 7ZnS0, + 4 11,0 -^ 7ZnS + 4FeS0^ + 4 H,SO,. 

The h-nn would be removed in sohition, whUe the sulphuvic aeid might oxidize pyrite, 
producing hydrogen sulphide and iron sulphate, the latter being removed in sobition. Stokes 
found that pure pyrite was not attacked by sidpUiiric acid but that cupriferous pyrite was. 
Satisbu'tory testes of the pyrite in the Morn Silver mine could iiot be made, n.s in ali parts of 
the mine tlu' ore contains some soluble sulphate of iron. From the above reaction pseudo- 
morphs of /.inc sulphide after pyrite wouhl be expot-ted. 

On the other hand, zinc may have been precipitated by hydi-ogen sulptiide, the reacti<»rt 
being represented by the equation M.S + ZnSO, = ZnS + H,sb,. This reaction would produce 
an acid sohU-ion, but ^Vllen has shown that zinc sulpliide wUl precipitate from an aeid solution 
that is rela-.ively weak. h\ this reaction the zmc sulpliidc might naturally he supptjsed tu 
crystallizt^ around the sphnlmte gndns, forming the additions of wm-tzite as they now appear. 



The rfuction just given calls for the presenei^ of hydrogen sulphide. Tliis may have been 
generated by the aetbn of sulphuric acid on the sulphides essentiallv at the f)oint where prc- 
eipnation took place, but as zinc sulphi.le is one of the sulphides most readilv acted U|>on hv 
sulphunc ncid it seems hardly prohubl;^ that, any of the sulphides present wcr'e being attacked 
by sulphuric, acid at a i)nn.t, where zinc sulphide was being j)reeipitated. E. T. Allen and 
J. 1<. Crenshaw have suggested that acid solutions containing zinc snlrdn.te and hydrogen 
sulphide m suhition on having their aridity reduced would precipitate .inc sulphide. That 




C»S + IUS0. = ('aS0,.2lL.0+II,S. 
XnSO, + CaS + 2H,0 = ZnS 4- CaS0,.2H .0. 







AI.TKHATION OF ORKS. ^55 

acul solutions. VVhirh of these im>ccsst's fnusod (ho pircipitr.tion of the zinc can not ho posi- 
livoiy slated and it U j><)ssihl.> thai mor*' ihiin mir may havo hcpn in opiMJitiun. Tlio u-riter, 
howTvtir. is incHnod tn (nvm i\w hirnun-. 

.Ulen and C'ren^liaw ■ linvc ivcoiUly ol.tuiaod some vory iiiti'iostin- nnd import.mt rcsidfs 
from the nrtirtcial produclioii uf Iho zinc sulphides whioh havo » (hieot heannj^r on the prohk-nt 
here discussed. Some of i-lio rcsuUs of ihoir work an- ■ri\'cn in tho fdllowini; quotaliun^: 

EvMnliolTopir.ntatmn hdT.c,> fphahrUt and vii.iz,h-lf Bphalcrilo ia honk-.! I« ii t.uniivr;ifiii-e r>f iibuut I, [00" nud 
celled wilh moriL-raie rof.i.lity— Ihui w. to 100^ iik^idc of Iw-u hours -mitT.«M,pi<- cxumiiiutioii allows Ilii»'. il, i» rom- 
pletdy l^.lrI^for^lell into \vtl^^ziu^- Th.: hl^,ait,^■ curvr. hnwcver, Atms nti break to in<lica(p iha.t any hftit t-lunte 
has a»i-iim[)aiiied the IrnTidfonniilion. ■» • ■• •* 

Formatha of »phnr<-r^tr. hj pnapSirnhn n'i'A alk'tl' siiIphiAs.— The procipitale from ziia- ealis by alkali siilphidpa 
in thft cold, or utnlor ordinary contUliona at. a boiling K-mptTiiairo, fhow> iii iiidirHlitma of rrystaliinily. llnweviT, 
whou prciLy ronreii'-fiJli^l wdutions nf tlie sntiibli- .miljihid.-a ;irt on amnrphuiis zinc siilphid.' ll lii-lKTlcmprraturca 
ephiilenltt is obtairwd. A« jircvinusly nUiicd, fxpt-rimpnt-s wirh (vinmiira-'d jilkiifim- mluiions ^ivp mnch tnmblo. 
ThofrlnJ*! tubea wcro wi b:idly alUtebod ili;i( ihi.- pnxhiriM cili'iflined in llipin wiTO fiiiilo int])nn-, pri-ally inrn-a-fiii):; iho 
diflicultiea of ini<T.-,;v<-..pic anidysiH, while at. ^OC^ llie (uUcm witc .-..iimlinii-:< palun i-niiroly llin>ii;;Ii. The dilHi-iiIty 
Waw finally uvt-rcoiue by put linpr Un- MduUiniji inUi [jlutinum tubes wbich isi-ro ihon ma inaido of gluss (ulwa, thy IwlUT 
bi?inSiiflfr\TOrda«.'ali>d. .Snli^^turtory pluiiimm liibcx whith are not wt fexponitive jm to bo pruhibiiive may bo iWliioncd 
(nmi fiiil by iho use of tbo osybydnist'ii btti'^-jiipo. Ours h;id a dintnelerofulwul lit niillinic'lo[v nnd fl lotal rapacity 
of uboiiL -10 ciibii; ceiit-iiiift(«rs. 

In our first «jrr«<sfi:I rxpcrimou' am<irplinii}« zim- Kulpbidc w:ih put into a lube of J c mi i-om bust ion i,'h.s^-^ wilU 
g«dliiin BUlphido of about ;?0 por tpnl. rnitivutnuion; iho Ciibc and its couli-nta Wi-n^ bwitcri llireo d:ly^^ in a ^!e^■l Iwuib 
n;. 3.30*. Smiill though po«xI riyfl(;il> of Mpbalrrilc, both <x-lalK.>dn)ii« n:id Ii-lmhcdronw, wort- oblnincd. ARitin. unuir- 
pliitus y.iiic sulphide was hwift-d in a pL-ttitiuni tube seiilcd iiwido a jjlass lubCj ajt df.stTil«xi above, wiih putiiwiium 
Bulphide of 4d>out 35 per rent at 200^ for U duyo. Minnto letrahciirons of Bphnlcrito were obbtinrj. A soliiliun of 
10 per cent jiolji^siuni milphide hetiied willi aiN<'rpliiiU8 ziinr «iil]iht(le in a ^inliIar manner at 200*' for two nionllui "* 
giiw ;i product which w.-i 'Mitiretv' erynr-JIized in niinulc tufrojii*' erytrtals with evident faers bnl- nilher rounded 
etlpoa. A MMtiad expcrinionf with 10 ptf L'-nt *K]iiini suliihitle, Lwlin;^ mix »*ook.-<;tt 100°, fulled lo yield any ery«tnl«. 
Thu.s wp fiod, an wo tihnuld exjM'er, that tbn bnver the lemperal liro and Jln' more dilute the reagenl 'lie lontji-r id Iho 
lioie rc-qiiirf:'d to produce rccogniwble cvyntals. Il in a iwtable fact Ihar f^pbaleriteonly n-nsnbtaiiied by thiHniPlhod, 
never wnrlzite. 

Zinc iulph'dtfrom acid sulvtlom.—Vthen. zine aulpbide is preeipitjted by hydro;;cn sulphide from wdulioriii whk-h 
arvcithcrneuiral or aeid ul The trtiirl, at tcmperadirfs ninpiu?; from the ordinary np to 200°, ilic pro^liui i^i alwiiyd 
onjoq>houe &> far as our nK'^T\ation ,^'itoi The double-luhe mclhol, which proved m KiUMfaclory in the formation 
of »iDie dthef sulphides, did nm ifeiii.nite hydrogen sulphide at a niie KIo^T enough lo pive eryslals. Trno, the prod- 
uc-t.^ were fre^iupnlly Uiou.sh not always doubly refraelinp, anU fur Miinc lioic- we were aiinled into die luliif Ihnl. Iliey 
worcwunzil.-, bul Uic m«i.-iin'nienl of their refraeli\p index liUer on Hhow«t that '.bey were in all prob:;bility u;nor- 
phonaand that the double refraetiou wascanw-i] hyelrains j>rodueed in the hardeninR of j.recipitiitis cinj,dii;illy p;(dnti- 
noiia. E.\pei-i..>nre in qualiiAtive analyids might lead one to believe thai zinc Kilt« eould not b<' prc--ipii«U'*l by 
hydriH^nu sulphide from soluti-uia containing mm-h free neid. Asa nuii ler of faet preeipidilos are obtained from rather 
w.ntn- arid 5;)lutious, provided only aullitient lime is allowed, n» Glixelli ' h;jfl proved. 

Table fi shows our own rx'sull-t on tJiLs point In it are^iven the (im.w which clap«'d after hycir..-.-n sulphide vras 
introduced licfme a precipitate w;i« obwrve-l, and the cnimp.wi'i>m of solutions after 10 duvi;' .-lundin!;, TJie ci.ii- 
cenlrilion of the zinc v.iis 0.2 N i.t the be^dunin',' in all the Fr)Iuli..n8 except the la^t; ihi- hydniscn i-u]j>hidp wan kept 
at a pn'«=ure of approxinwudy one u(nia-:phere, by un.-orkir.;; the t^a^V-^ i.nd p;iiwii- t-, fr*-.h ii^^ from time lo lime, 
vhWe the coQceiitraion of the sulphuric aeid vnried a.-, stated in the lable. The txp^'rimentH wei-e rarrie.l out at room 
lemi*rature It will be noted that a partial i)r^--ripi^fllvon wu.. obudne.! in the iil...M- manner from wdudonH which 
cuiUined about, o per cent adphuric ucid at ili. M:irt and ne-^rly (J pir rent at thL> end of the cxiK-r.mei.t. With u 
hi-herinitia!cono>ntr«lionotziDrorahiLdierpres«ireothydm^nri«i!i.hide,pre.-ip.tutioM would imlurallyh..nhlaincd 
Irom «,hnions comainiu-.^ .uU more a. ul- The texlbcoks . ommcdy asnume equiltbriuu. in tho^Y>'='*^-"'-'' 'f '' "« 
lhema«exumplesoithema;«law. Prcdiini.mry workou lhe«-jbj>M ha«<-onv.nced u.sihai »nHi ..not fhcca««. 
If one begin., with the ^uue prt^ipi talcs, adding different eonceoIr-Hu-ns of acd and n.a....nunR d„. hydro^m ..ul- 
pUide at one atmosph.-r-, different r.-.ull« are obtained. More wnrk on (bin «.,b]ee. .. under eonHd.ranon. but (he 
re>alt. Bi^en «hew Lli enough tluil hyda^n milphide will in nme pre.-.p,t«te ..ne from solution, «-h..-b are r,uUe 
irtujnply aeid, _^_^__ 

Sd., -tthsw,, vol. U, Vfn, vp. 344 375. or J i «i!i-t nuliV^v. He fa.iEd lfc*v l"i'1 Iwjrnfl anifcXn.i*'. Z*l!*-br. Krral.. 

vcI.-H, t»«.r.21i BUU exp""*-! Ilii' .J]>i>iioii Ul*: st>nBl«llo aii^iiSU^M^w i« 

» Out of « liirp> Ti»mK-f -M «r*^nienl* ^\lh k Lw Uibw, this ifW U«^y omm 
• By nitslAlc a» {*rai*™uj« ir» .Irftpprf to l<w' '•=* a P»rt '^ ^ P*^^ 
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CfUiUdl^u, zinc mlphld^Jrom ncid P>iut<m^- -X Kreal numbt-r of oxpcrimejita havt. fc^n r.i,de wiih 1he puri>c«e 
of preXiBg cry.u.ili»e .inr «uIpKid. from u.nd ^r.bliou. .'. Io^v U.^iK-r.-ur.., yot ^ for w.tho.t .urc,,-^, Thi. ^«rn. 
vPrv r^arLu- when v,- i-<mMer how slowly Ihc s^lpJlulc forms in .iron- and ..lulions (see Tabic t), and wc- tmve 
as vci n,. . xplanalion for if AL ic-nipcralur^s oi ^r*" *nil up^-^trj, by the u«' oi Ihc <ioublc-iubc method,' crj-«t^iiirK, 
moducla^an he obtained. Th'^ n>HUlta «r(- •^uffidenfly imeR'«Uii^' to W dialed in dedul. In all the expc-riuionU ihe 
w»r^e of hydrogen fUiphido w.w «luHit grams Na/A-SUP ii^ 15-20 cubic c Dliinclen. «-atc'r, which w:i.s plac«l in 
Ihc niiKifU- lubf The inside ruht* in each c;i^.' ciritatnecl :0-]5 cubic t^ulijaelcni of 10 per com ZnSO^.TfljO. 
Tin- linio in ?.U faj*9 wa.-* iwo f.r tbn.e .U>-s. Tho conceiilrotioii tif ihc sutphurit^ acid in the lauer solutions and lhfi_ 
t^mpcotTiro U^ whirh the tube* ^'«e buaicd variwl in Ihe diffcreiu cxiieninonl^. 

Table 6 — Tk mUlon afhjfdrogcn ^u/pfitik on O.-fN ZiiSO,. with runjlng iorwntfvllcn of 11^0,. 
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fl CjtKMntiatloacifZrSOiinXo.ewTiiiticii.'aii.n] l«0.2H N a/tiT two dajj. 

Exiieriiiieiil I. Tempuro'nre 300°^ 10 por ccDt HySO, uted. The pruhitl rmi*i»*ted oi spherulilic iigi^rcgatCBj ull 
doiilily refrwlinp und Uiviiis ihe rcintlivp index of wiirtzvle. 

E.\perimeiil 2. Tcmperiturc SOO": 7.5 per cer.t lIjSOj. Cni^twftiid t;pheriili:.s ton«iHti.r:ig of t'ellcd liben! which 
ivere imqut-stionably wurlzitc Htmrlime*; Mirrov.udcd by amorphous mtlphide, iadicating that Hie precipitate frntt 
formed waiJiinurrihous. 5-10 p<?r<'(.'ntol' more transparent irregular maaeiv? o( isotropic substaTice h.avint; the refmctivo 
iaAax o( sphrtlc'rite. 

Experiment 3. Temperature 300": r> per cent II^O^. The product consisted vi globules with erys*,il (aces grow- 
iJif; owlci Ihcin, Nearly nil were isotropic sad showed the refractive index of eplialerite. thouph Mipre ■\yei.s perhaps 
5 per cent of doubly refnicling wurt site. 

Experiment 4. TenipcTotiiro 'AW; l per eenl lIj-SO,. About 'if) ^}VT rent artnrphoiis sulphide, the rest wuitzitc. 

Exptiriraunt J. Tempcntturc 300^ 1 per rent U-^O^. The produrt showed crj'stalliuc fact'H :ind was appaix-ntly 
isotropic, rmrtieally idl of it hnd the inJcx £j{ aphaloritc, though there were a low pieces of amorphous material. 

Experiment B. TenipiTrUun! a;^; 5 per ceu: tLSO,. The product cojiiiirted almoFi entrirely «f la'^'c spheruk* 
showing lKt(h rulial libura wiul felt.'d rihrouH filrutturc Ijisidn of f^t-rne wore Dijcdei of amorphous material, icdicatius 
ngain that Iho precipUrtW vti.-^ »l Jintl oniurphfjiia. Crysiallimj matoriul nil %vurtKite. 

Exiteriment 7. TenipcTatuvc 2.30'; 2.5 per cent ll^SO,. Both lurt;^? and stujall upherules, thi> la** in chi^stered 

the rest. ?ph.ilerite. 

„ . ^ „ . ^ . _ . _ — .-., the Twt jqjhiileritt;. 

. i:T"'r." TeravM-nituru .V.O^; 2.5 pt^ cer,t H^SO,. M<«=t of the produt-l. .-ousisted oi ™all spherules, of 



inn(\ nnd «rcorphotis, the lai-yc on*.^ iiiij«tly doubly refnicliug aud crjstjiilme wiin/,iu». 
K.xperinKiut. S. TcniiHTmirc 3.^0^ ; 6 per cent H,^0.. Pc^ibly 30 per cent wurt/itc 
KxiJorimenL 0. Ttmpemture S.M>\ 10 per cent H.f^O,. PeriiapsSO per cent wiirlzite, i 
Kxpenmon* Id. Terav>er.turu .V.0- 2.5 ^r cer,t H^SO,. M<«=t of the produt-l. consis;... ... .-. ,... 

wbu-h .-vlMiut 30 per crnt w;w (imoq)hQiis, On- real felt-^d n^.^-re^alps of wurl/.ite 

Expcrimeutn. Tcnjp,.mu.ro 2J^.'; 1 i«?r <-eut H,SO, ron-i^^.d «ln.>.t' wholly .n irregular gnmulcs, ■no.l 

it iKjlropic mid haviHs the rein«:i,v« mdcx of sphalerite. In Mrong light c. <,«idenO,)e of it .hows cl.nible refni. 



nnii the index o( wiir!/.ile. 



I or 

i(i(i 



of .phaieriiT"' ^'' '^""'^""^'""^ ^^'^'^ ^^ ^'''''' ^^^^*- -^'1 «Pparen,Iy i^^iropie i^■e^ul;;r lonits having tho index 
T..i.,.K 7. -/„/r«mv ./(.,«^«,„„: „,.rf nrirf .oncenlrafion on Ih, cn,.talf.iru-M,n of zif.r ,v»?y>W.. 
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■Ml nfttrtiilc Mid 
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lao 



so per eeiil wona- 

100 percent wyrti- 



■ A iilaiiuura tiibo «ii» used. 
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Tf-.e results of H.ow experitneni,-. ;.to wimnmri/.,-.! ii, T:il.k- 7. \\lcn ..11 tbc data are carofnllv compared it mil 
bo soeii tinil tempenitufi^ and acirf cm.vntrstliun api>e-..r !o )>c t)k- Jwo kicuiw which rWternni.e (ht i-rodurf uiid U 
v/e nmil 2 experiments ont d1 tlm 12 .lone >H l]:r..-o dirYfiont tc-miwmiurc^ vc fiiui tlio f..lli>wiiiff roguL-miv For 
agiven ipmiK-rature (he lii=:Iu'r llu' :iri,| f<,M(rei:lraliuii tlu- L^r^.-k-r m lice Quaniily of ,n,r!7.ilt. f.xin.l ir.'the proihirt, 
and lor a given aci.l rr«ir<.nlmti.m tin. hielu-r \hv Iwnp.?Riti,re iltc KreuU-r ii the qiianlitv frf N-phiileritc fatm.i in the 
proiiurt. iloie work ontjlH to i)c 'Juno ur. (hi., point. I'ljt tlic iil.ov,; cor.rlu:<i,m ^.xins aupport from thu fcict that, the 
t^-Mw rule ?ro^x>.^ 'me in ihc en* ui th.' ilwulphuios Lif inui.' Tlu-n; tlu- .luuniiiy oi pyrite inc mi:*d wiih iho iempcr> 
l.ire for ;i gi\ en lU-itl i-oi.ceiUnirii.n. aiul the fjuaiitity oi man-iuite Jncrwwxl with ihoaci.t .•imn-ntmtitm for any given 
tempcr.ituxo. Wlieu it is remembered that p>'rik> mid KphiUrriH' are ^tnhle t.miw. wliile nwrfanitt' imd wurlzite are 
unstahlp, tho iiD!il()gy I>ef;ame3 Htriking. 

Ill one respect this cniiluiic worV oti «p!ia!priio and fl^lrl■/.ito nmy npi>oiir i.i.vU'quntc to the gooli^L^t, namely, 
(lie tcniperaturu ot fornimion. V\eU\ r.U-, rviifioii poiiH.-> to hiwor K'niperafnr^^ in many in.-li>ncps tbim llie lowest at 
whioh we hiive succeeded in foriiiiiig iIk-m.. minerala. AUhouyh it would Iw hiyhly dcsiriilile lo obtain positive results 
al linvtir tcmpcmturea. it may be pointed out that them ih luilhiiig in our kiimv ledge oi the ininends lo indii.ae anjlhinff 
more tiian » onlinuoiis rtiangos in the nccetvsary cxHiditiotis om the lemiMTitim' (r.ll->. We must mJniit, howc\er. that 
the umpeniuire iutcrval Ih .Htill too long to estrapiihiip acciinitoly. so that we might prcilict, for GXumi)lt-, what ton- 
cealnitioa of wei*! would l.w nece^Miry at orcUnni-y t^^'nippnUnrc to give risMj tD jjuit wnrlzile. Sinec ever, quite dilute 
adtirioiis of solul^le sulphides and zinc mlts always (jive an inunediute amorjiiiou.-* pn'cipitato at (he ordinary tom- 
perature, and aince amorplioUK sulphides are seldom niel with in nature, we are •.'onHtrained lo liclicve tbai- the iialucqJ 
wdphidcii, wliii-h have been deii.,si(..'.l evpn as low do^STi as H)0°. iniisL havo Iweo crj-MlalUzeil from x-crj' dilute niIu- 
tions indeed and therefore L*xcee<!iiigly slowly, 

TV tfirrtt-sis of Ike halitral .atJphifkx of sine. — Tbo j>pliaIorI(v oi deep veins has in all prol»ahilily been lenne<l from 
htrt Koluliouf. ind ihc bitter ;ire g(*ncr.i!:y alkaline, as we know iMJth ironi field ob^en'alioll of hoi springs an<'. from 
our knowlfilge of the lu'dr-ilysis of alkitli liilicaten, lixe the foldspr.r:', wiih hot walt-i'. In aecord with tliiii we have 
ioiind that alkaline solntiona ulwaj-s give ru*.' lo i*phr.leri(e, ne%'or to wurtzilo. 

The eonditJoni* under which the Hphalerilc of the MiAsi-wippi Valley region w«.i depoaited have lieoti much di«- 
C(is»3d by geo]c.'i!:ist*i. We niay cull attentian, in ttiis cotiiieelinri, lo tho fuel thiit uphalerife can bo ftmtied fr:ini iwid 
as well as alkaline sohiliona. If the tcnipi'nitiin' i> w liii^li n« :ilM)°. only i-plinierile .seeniH [u l>e depoyiled from eolu- 
lion^i eonlaininp 1 per rent ol free t-nlphnrie acid, while only a lew jier cent of \vnrl7.it« {■-■* formed when the riMicen- 
Inition of acid is &s h^h !i« ^ i>cr i enl. However, when the temiwmliiro drop-^ lo 2M°, a wilulion coiihiiiiiau an iimch 
as 2,,') per eenl acid depa^its pnietieally pure wnrt/.itc. In other words, from 330'' dona lo 250", whicli ia as low nn we 
have I>een able to jjel rryslalllne puxiuels. the lowiT the t«m|>?nilnr9 Ihc ^in.UIer is Uie pereeiitaj,'f of iK'id n-qiiired 
to pive pure wunzite. Uuiorlunately we out not wy whaf; ibat perrenlaso may be a( ordin;;ry tenipentare, bceauim 
we can not itnitale the .-^low nile of cryatallizalioa which imininably proceed.-* in nature. But irerlaiijy hphnleritc 
may be what gcolofjiala call a seeondnry aiinenil if the leiopomlnre and acid cnnpentnition fall within certain linuta. 
On the €*\\ex hand, to jmli^e from the aj-nlholic work wurlxile can never be an^-tbing hut a .*'<-oiidiLry inineud," iiince 
we have obt;ur.ed it only from oeid solutions. O'.ir kui>wledL:e of ualunfil wurt-ziln is still rather timiteiJ, Mr. R. S. 
.Butler, of the Unileil States Geoli-,gioiISur\'ey. hai nequainted uaof an iiitcrcaliaj; i^ccurrencc of thiy mineral. Ut which 
,be has gin-en careful iriiidy. lu the Horu Silver mine, near Frisco, Beaver Toimty, Utah, wurlxjte .venw to be undoubt- 
,edly ft prodtiit of secoBcJary sulphide ^■arichmeIl^ The original ore. sitll fre^h in the lower level'*. c-jn(aii;« ^Tileoa, 
pyrite, and aphaJerit*, a liille ehHlcop>Tite, and pc^sibly o^ln-r copper niinerakf. The upjier part of the depfwt has 
been largclv oxidiwcl to .sulphates, miaor quantities of carb- males, and other secondary minemls furrrH n;r nlrti. Ocla- 
hedntl civities in the nxrk bear leatiraony to former present e of p.vrito, wliirh Ihoiigh plentiful lower down, has now 
di«ipp(^jred from the oxidized zone. Below thia lies a «oue .f aecondan.' sulphide eurichniGrJ carryinR ^condary 
(repreeipitatcd) chalcoeile, covellite. and wurtzile in large quantities, much of the hiat-naracl pre<:ipiiatetl around 
original Bpbalerito cores- The chemiwiry of ♦heae procesxea ani»i have involved first the oxidation f.i the milphides 
of 7,inc. eoi.per. and in>n to sulphates, and since the origin;-.! on- contained pyrilo. the oxidizcl .solution mjat have 
<-onlained sulphuric arid. As this wlul-on moved downward, the niilpharic acid pradually de.:f,mpo«>d the raorc 
ailuhle sulphides of Iho nno.tidized ore. ^-ith the formation of aulphaf^ and hydn^-en sulphide. At- greater dt-ptiis, 
a! 

dithei 
the 

Tvl^'r^the hvlli^u eulpldde pi;.-;n"t would"pn-<ipitaio the .ine after the le.. «iluhle .nlpbide« ui cop,K-r. 

In thh.'inat;^ce. d.erefore. lUe fotruatian of wurt/itc bi well expla;n«i by our 5yn het.c e.^penme,nt.. and it will 
be interesting lo learn whether other occurrences of wurt..ite may not l>e ..mdarly e..p a.ned It a,MK-ar. quite pos- 
sible that wurtzite mav often h.ve been taken for .plualerite on aecoimt of tho general «.m.Ian.y bcMwcen the two 

"' -it !:i^:lr':!;iLS;:dc •■'.hieh ^.. to co.... of alternate layo. .. -he two fonn> .i ^n. .ulphid. i. 
dilHcult tZpll. L'Ut thu .u^..tion i- uu.de that .ane .y.tenut.e alt^rnnt.or. of cond.tK.« may have resulted u. 

the periodic neutraUzation of a sliiilKly acid . -dilution . ^ 

' All..n, Creasliavr, and JohE^i..^. Ani. Jo'T. Set, «!■ «., rol », mi, p. la 
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It m-iy be noted Unit the prcr-ipitjitiuii nf zinc uppt^ira to havu buoji loss rapid than thai of 
copper, tile znno of enriclunent extending o;-er a considerably ?.eater vertical vange. 

Xr> materiid wns coUected suitable for a caiefid .study of secondiin' sdver sidf.s. !■ roni its 
relative solubility silver would normally bo, piccipitaled by all the other important .sulpliidt^ 
in llu- mine and such preci])itation lias d.)ubtlevs taken place. It is not helioved thul the 
sUvei- has migrated far. probably because in the pre.<ence of the otlior sulphides it would be pre- 
tipilalc<l before tniveling far and ako becaiiye the chlorine intrndnced by the descending wutere 
would combine, with tlio silver to form (he slightly soluble silver chloride. It Is probable that 
by the time the snli)liide3 were oxidized sudicienl. eljorine would bo introduced to combine 

witli all llie silver. 

A few specimens in which an antimony mineral rich in silver has formed alonj; elcavages 
and crocks in barito were collected, and ore of this clifiracter is reported to have been found 
in c<msideniblc cpuintity in the upper levels of the Horn Silver mine. It ha.s not been shown, 
hiiwever, (lutt thiy ore is the result of alteration by surface solutions. 

CItANCK IN -METAl- CONTKN'T O' DKKS UIJK TO ALTKRATIOM. 

If it is assumed that the uppe,r i)ortinn.s of thr- ore body wore originally of essentially (he same 
character as the primary <n'c mns' pies(^nt in the lowirr levels — and there i-s litllo doubt that they 
were, thi>iif:rh it w not suscepiible of absolute proof — it is at once apparent that there has been 
a marked reanangoment of the metal coi\teiit of the ores. The o.sidi-Acd ores in the upper level.^ 
are rich in lend anti silver but contain little zijic or copper. During the oxidatiou the zinc and 
copper have evid(tntly been removed. The enricluncnt in lead and silver is due largely and 
perhaps entirely to the cjjneentrution resulting fi\)m the removal of the other C4>nsti(nen(a. 

During the period iti wliich the record of the output of the mine was kept by levels only 
the richer ores were bnlng extriuitetl. Tlicse orf'.s, of ooui-se, do not represent the average of 
the mine and owing to the lack of accurate average liguves for the upper and lower levels it is 
impossible to make a quanti'ative ealculatiim of the changes that havi> taken place during the 
process of alteration. It is believed, liowever, that the general elumgo ia the metallic content 
of the ore is ciearly shown. 

The follow^ing tables show Ihe. average c.oinpo.sition of several lot.s of oro from diUerent 
parts of the mine: 

MfUjl amttiit of some ore* from tlw IJorn Silver mim. 
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The averugo for the zone of oxidation is piMbably r.insidorablv too higli, for when the ores 
were snmpivd niatoriiil thnt. would now be classed as good ore was classctl as waste on uecuunt of 
thehif^di cost ol' trearnieiii, transporfafion, etc. A ghinco at the tnble giving tlie avcra-e metal 
uontent of the output, by h'vois will shuw that, tiie a\'erage of ore extracted ev'en when Jiigh-grade 
ores were being mined was considerably below this, and it is doubtful if tlie uveriige of iiH the 
ores extracted from the zone of oxidation would niucli exceed ;J5 per cent of lead and about an 
ounce of stiver pei- unit of lead. 

The figures given for the lower levels are pmbably nertr<T the true average, though it should 
be reniend)ered (hat tiic deposit contains all gradation.s fmni nearly jnu-e suI»>hidos to slightly 
niineraUxed rock and of coui-se only sueli niaverial as can be ])rofitubIy Jumdled is extraetinl. 

If an ore similar to t.hat shown in analysis No. 7, repi-esenting (lie zinedead oio from the 
900-foot level, should have all the zine sulphide and part of tlio iron removed nnd the silica 
reduced to a. content us low as that sliown in unalysiii Ko. J, leprosenting the ("xidizcd ores, the 
lead content would be raised above^Ojier cent and the silver, which is largely asst>eiated willi the 
iead, would show a corresponding inercase. This gives an ore of considerably lower grade tium 
that shown in analysis No. 1 ; but, as already noted, this analysis is probably etuisidorably above 
the average foi- the tixidized ores, while the other (Xo. 7) is api>areiitly below the general aviuagro 
for the primary ores. There may have been some enriclnnent in lead in the n|)[»<n' part of the 
sulphide zauio as a result of the prceijatation of galena by sphalerite, but it is not believed that 
such enriehment has been very great or that there has been any consiilerable migration of the 
lead. In the rich zinc ores in the zone of sulpliide eniiclnnent there luus been an apnai'ont 
inipoverislunent in lead, due to an aetunl addition of zinc sulphide, so that galena became rela- 
tively less abundant:. This is exactly tiie. reverse of what has taken place in the u|)per h'vels. 
It is evident, therefore, that so far as the content of lead is concerned the primary oix*» ar» 
inlermcdiale between the oxidizod ores and the enriched sulphide ores. 

For the main body of ores the silver appears to be closely associated with the lead and in 
general to vary with the lead content. The average of sulphide lead ores hoisted from the 
ei^-hth and ninth levels^ as .shown in the table, was lead 33.27 percent and silver 27.63 ounces to 
the ton. The ores from the nintii level ran lead 28.24 per cent and silver 22.SS ounces ttj tho 
ton. The average metal content of the oxidiaed ores from tlie (ii-st five levels is lead 38.90 per 
cent and silver 38.63 ounces to the ton. Those figures, however, include some of tlie rich silver 
ores. The average content for all the ores mined has been lead 33.61 ])cr cent and silver 32.04 
ounces to the ton. It is apparent from the figures given that in the process of oxidation there 
Jias been an enrichment, in silver essentially c.orresj)onding to the cnriclunent in lead. In the 
enriched sulphide ores the silver contetit is low and is even lower hi proi)ortion to tlte lead tb.an 
in either the prmiary ores or the oxidized ores. Tlic following table, giving the assay value of 
10 shipments of zinc ore in 1905, illustrates (he variation of the silver fumtent with t)ie lead 
content: , . , .■ ,, t-i .<»■.- 

Metal ft.Hf.nl a/zlne ore $htpped/rom IJorn Silvir m>w , !'J0^. 
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The reason for the low silver ooutent «s coBip»red wi.h loud in the enriched .sulphide zone 

iiiL. icasuii iui Li.i. ■ , , 1 , ^„„Mr,opH th'it the "-aletia ui this zone was inirtlv second- 

.s not readily undei:s.ood It m.i;ht b «"[ P^^~;f^5,i,,,|. ^„t „, „„ .uI^kL enrichment 

ary, und ihat in moving do«-n«-ard ,1. 1 ad lefl^u^ .ih b ^ ,^,^^^ ^^^^^ 

h.s ,radn,tUy passed down through ' '^^^^^^^^^^ .He average n.etal content for a 

relation is even more pronounced in the eniicnea eupi 
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considerable quantity ol the.e boin^' silver 2.83 ouncos t.> the ton, lea.l 17.41 per cent, and 

^'''^^In'tL^^uCeroIvs fluit have resulted from the oxidution of argentiferous pyrito there has 
been a pronounced c.Um':^^ in silvrr content. Some niaton.il fhrtt was too )o^v in silver to be 
of conunercial grade hiis been changed to i,mod ore. . , , . , . , . , 

The zinc wntent of mueh of (lie znir ore in the zone of su]i>hide enrichment h,is been raised 
from nrobnbly 20 or 25 jier eent to 35 [)er cent or nit>re. This increase has been due to an 
actual luldifion of zinc sulphide and possibly also to some extent to the ^emo^^al of jn'rite. In 
the upper levels there hii.s been an impoverishment in zinc, (.hat from the zone of oxidation, in 
part at Icayt, bein- added to tlie enriched sulphide ores. 

As Ihc primary ore carries but a friLction of I per cent of copper, it i.s evident that there 
has l>eon a voiy marked addition of tliis metal to the ores tliat are comnicreiaUy vuhiabie for 
their copper content, and as thin added copper niu.st have been derived from the zoue of oxida- 
tion, it follows that there niust luivc been an impoverishment in copper in the <»xidize<l orea. 

Relatively little '^old is ()resent in the mine, and data are not available for determining the 
etTeet of sewmdary changes in this metal. As shown in the table of yield by levels (p. Ho), 
gold was not rcp(»rtcd as recovered from most of the ores iu the upjier levels. The fact that it 
bus been recovei-ed from some ores from the cave near the surface and from tbe oxidized silver 
ores would indicate that there has probably been slight if any movemeat of gold. 



sowaABY. 



The process of swondary alteration has resulted in the emichment of tbe oxidized ores in 
silver and leivl. Primary ore:> only moderately rich in these metals have been changed to iiigh- 
grailc ores. In tlic zone of sulphide enriclimcnt i)rimary ores timt were too low in zinc to bft 
profitably handled under the cxiHting conditions have been made ot commercial grade and pri- 
maiy ores that coutauied but very little copper have been converted into rich ores. 

SUGGESTIONS AS TO PROSPECTING. 

Tt Ls well known tluit many of tlie best miucs of the country have been discovered and 
devclojwd by men who made no pretense to a knowledge of geology; indeed, this vcjy luck of 
knowledge may have been the reason why some of them had courage to continue till their efforts 
wcro rowardi'd. Tt is believed, however, that when a distriet has been RuflTiciently d6veloi>ed 
to permit the study of the geologic occurrence of the ores Ln a large number of mhies and pros- 
pects, tho infornmtion gained in such a study .should be of a-ssistance in the prospecting and 
development of other deposits. In the following paragraphs the writer will attempt to present 
some general conclusions gatlicred from his study of the .San FrttUcis<-o region that seem to have 
ft bearing on del,erminiiig the best method of searching for ore. For tho most part the prin- 
ciples hiid down have been well established by studies in other districts, but are apparently not 
yet thoroughly appreciated and consequently a repetition is justified. 

In thLs region, as in many othei-s, the assertion is repeate.lly made that all that is neces- 
sary to make the region a great producer is to cany development to a considerable <lepth, 
anil when money is avaUuble it Is sometime expended in deepenhig the workings .is far as 
possible, only too frequently to he rewarded by bitter disappomtment. The stu<ly ol the 
alt^.ration of the ores throws considerable hght on the probabiHtv of cliange with increasing 
depth that shouh be of value iu prospeeting. So far ,ls has been ascertained there has been 
UtU uigration ot lead and silver during the process of aiterntion in the San Fr,uicisco region 
nn e I Tl i' T T"'''^ '*'■"" ^^'^^^'"^''^ '-"'''<'^^<''-^ i" these metals by the removal of other 

V i or hoo 1 J ^ r\ '^" "r**''''^ ""'^y ^•'''^"- t^ be a narrow or lean part of the 
loul Tm^oK^ : '■ ■ " ^r l^-'^ '-'"'■ '^'^^ ^"^^^ «f '^-^P^-^^ve shafts or the drivbg 
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So t«r .s the ssn^iU'V w,,. able to r.l,s.Tvo, (u.icli.ally w.-vy commoreinlly important .Icnnsit 
of iJiKs ohani^.U-r timt. lm:i U-t-n devrlopc-l ir, ti.U n'gion siimvc«l a^ miuli pmrnLsc a short, 
distaiwo [h-1l.\v ilio surfac*' fts it ]m^ sliown ut. nny .iiivalcr .I<-)>(|,. Tlu-- early miners followo.l 
these hodirs ot oro down Worn thr out. n>p ,nitil inrrnusin- dq.ih m- ,hvrrnso"in v-;iliin rendered 
fuithn- opemlions iniproiital)lo. Later, with improved hoistin- an,l tnuisijortation ta<-ilities 
il, has been f.Hind possdde It. work the deposits to greater <h>plli. This seems i)v Inr llie safer 
metluHl to pu:-sne. It is, oi <-our,se, needies.s to say that if suHieient. ore is developed it may 
be pnditablc to go to greater expense in providuti,' means for its extrnefion. 

In some of tlie eopper deposits l]ierc lias been emiyideruhle leaching of tiie nietnl from 
tlio upi)er portion of the. yt-in and it may be nceo*isary to attain eonsiderablo depth beforo the 
ore is fmind. Wliere oxidation and leaehing are appan^nt it is reasonable to suppo^o tliat 
the eou[ier may Imve been rejirecipitated at lower levelst, and if the onteriip iniUeates cxlonsi\-o 
inLniTalization it Ls reu.soiial)le to expt>et seeondury co]>per deposit;* of eoiTesponding extent 
at gi-eater deplJi. On the other hand, when the stdphlde zone is rfaehed tliere is no reason 
fin- expertinj; improvement by fjoing deeper. 

Zine lias in nuiny jihiees been removed from tJio upper portions of the veins and may be 
found at j^rea'er deptli, tlu)n<jli oj)portu:nty for a study of Uie zinc denosils except, in tht^ (lorn 
Silver mine haa been loo meaj^er to warrant any fjeneraii;:atLoiis. 

The general modes of oeciirrence of the on^ of the ditl'erent types have been discussed in 
the sce.tion on ore deposits (p. 110) an<l neetl not be taken up here. Il is probably ni^dless 
to say tluit no one shoukl attempt to develoi> a de])Osit until ho liaw fmn ilia n7A*d Jnniself with 
file ore (M-eurronce.s of tlie typo the deposit is believfd to represtMit, nut merely by readinj^ 
descri[)tions of them but by visitinj^ tbcin fio fur us possib'e iniil thus profilinj; by IJie experience 
giilned from work ahvady aeeouiplisheil. Nulhir>i>; is of jjrenter benefit., in f-he *l{ivelopm<'nt 
of a. minhig distriet, tlmn ii fi'i-e interchange i>f infornnition ainiMig optTntoi-s mid a inllingness 
Oil the part of eaeli to allow his neigllbor to proUt by his experienee. whatever that i!Xj>erieaec 
may be. 

One of tlie c)iief advantages enjoyed by a gcolojrisl making a general study of d ilisfrict 
is that hi reaching his conehisions he is permitteil to use the data and experienee gatlicreil by 
nuniy opcr»i.tors over a eonsiderabh^ period. It i:^ obviuus that if eneh operator eouEd enjoy 
tJio Bflme advantage, over a mueli longer time, lie shouhl bo iible to develop Ids property at a 
nmeh lower eost :ind with belter assunnico cjf sueress. PUiinly, Uiercfore, the brat intere.sLs 
of any mining distriet are generally fiirtliered by frank uUcrchungu of experience gained iu 
the development of the s(>veral portions of thnt ilistriet. 

FUTUHE OF THE REOION. 
DIFFICULTY OF MAKING FORECAST. 

In ageologie report on a niiningdi^ilviet one of the parts tlnit Ls of greatest interest to those 
engaged in its 'development is thai eoiUwining the conclusions that may be dmwii eotieerning 
the futiu-o possibilitii's of the iiistriet. The get.'logist, liowever, would gladly oniit this portion, 
for there uro alwav's many uncertainties, and oti further developmeni the outlook for tho future 
luav be. entirplv changed for l-he better or wui^e. One needs but to scan the literature of muung 
dlsiriets of the Western States for a period of years to see how many prophesies, both of tadure 
and of success, have not been lullilled, Moreover, the people of a district may be ovoropti- 
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that wove thouc'ht hx cunipRtont jiul-f. (o be of liUlo viiluo hnv.. (loveloped into jxtyuig imnos. 
In iK-volonin- .rdisirict it is cW<lciitIv po^siblo t.. ho too cnutioii^> as well a>! too rn^h. If money 
were spent in prospGcibig only where results are certain, low mines would bo dovolo).ed. 

TIip wi-iter wiJI iLttt'in])!- l):-lo\v to jnesent tlic iului-o possibilities of the Srto I'rnncisco region 
as ho sees them, hut with no eluiin thut tlio eonelusions iraehed nre infallible and with a full 
reftliziifion l,hiif.'<.thei>i nmy honestly, fim\ perhaps with good reiison, entertain veiy diflerent 
opijiions. In (lLs.-n.s.sing this miUtor the writer (iss.imes that money invested in mining should 
earn considernhly better rates of interrat. ihan in the loss nneertuin hulnstnes, :ind in addition 
lh;it before the mine i^ exhausted the orit'inal purchtu'^e priee. and total cost of development, 
eqinprn(!iH, opeiation, and freiitnient nuisl bo rclurne<l. It is ])o.s.sibie, however, that when u 
property is partly <liivolop<'d addiliomd money may be fipcnt with reasonnble assurance that 
good relurit^ will be lecrived fnmi ihi; later investment, even thmij^h there is little or no chance 
of rceoverins (ho money nriginaliy sjient. 

In this discnssinii (he dojiosi's nniy well be Ircatwl according to the iy\ws under which 
they have been considered in preceding )>ttgos. 

DEPOSITS IN QUARTZ MONZONTTE. 

The two de])osils in the quartz nionzoniie fhiit have yielded any considerable returns 
arc those of tht^ Cactus tuul the O iv muics. Neither of these mines has to ibe ]>reserit time 
been nblc (o piiy dividends. Tho Newhouse Mines & Smeltei-s Co- declared one dividend, bui 
it was soon followed by an (tisestiment that fully counterbalanced it. In both iniuea some of the 
nKtsti>romismf;y;roundhiisl*4>on prospected und the U^stof the ore developed bus been extracted. 
If these proportics are to \ield a prollt on thoorigijial eapital invested they must pay dividends 
tluit will cover tlie inlereat on the capital vnvestrd over a considerable period of yeai-s in the 
pusl, in ftddition to pnyin*:^ current interest, and before tho deposits are cxhiuisted they must 
return iho ori^nal investment. Jt Is iknibtfid it oven those who are most enthusiastic over 
these mines expect that they will be iible to accomplish this residt. This statement, however, 
does not imply tluit the mines in theii' j>resent condition nre not worthy of furtltor development, 
but the records are not cneourii£];ins for the stnrluiK of new projects in deposits of this type. 
So fur lis cun he jutlgPii from the outcrops the two (!e]>osits mentioned are among the most 
pronii^mg in their respective districts, and therefnie it does not seem likely that larger and 
ricliep deposits of Mils kind exkt elsewhere in the region. 

There is little doubt thiit the region contains nndeveloped tleposits of copper ore of this 
tyi)e, and such of the^c as can Ix^ ilcvelope.l Ironi i)resent mine workings mav possibly be worked 
ut ft proHt. It is not believed, howcvpr, llnU. under ]. resent conditions the opening oi" a new 
deposit of tins chm-aeler can be undertaken with reasonable assurance that t,be money invested 
win be rctuni(>d with mtercst. Impmvement in mulallurgie processes or an increase in the 
price 01 metal may at s<.nic time give greater encouragement to t lu-. development of these de]>osits. 

DEPOSITS IN SEDIMENTARY ROCKS. 
The deposits in .dhnentaiy voeks consist of (wo iNTcs-^ontact d.-po.its and rophice.nent 

den h IrTl • ] '"■""•; -Tl'"' ''''"^^^^ ^""^'"" "'=''"•>' -'PP-^-; h^' .-oplacomont, fissure 
depoMt.s are n.ixed or., m wlueh ic.d .nd silver arc. important eoastiinenfs. 

COXTACT DEPOSITS. 




same- thhiir could be done 
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in tliis (Iwti'icL provuioil siimck-nl ore. could hr obtiiinod. h may bo roinarkod, howovcr, (luii 
wifb Hvomiro fnw-L;nulo oros a larj.ai qimiilUy must ho (iriilod in ontor to yiold a jiroflt, nnd 
(ho wustructtou of s lOtUictHm pknt bclore sucb a quantity is (lovclopcd is Jikoly to prove 
disrt$lrous. 

rvEPLACl';5lENT FlSSLTtE DEPOSIT?^, 

The ore of fbe repbicemciit fisauro deposits is iisuidly of iv i,M-.ulc that wiHstund sbipmpnf;, 
nnd cnnsoquontly int mctidbu'rio plant is iicot'ssary near tbe mine. The ore oxtends prac- 
licidly to tho surface, nnd ihcrcfoie litllo work is necessary before sonio return is uiailo. The 
oixrofid development of wos of this typo is consequently attended by little, risk, ri>r if the 
jirojccl does not prove satisfaefory it eaii bo- isbaiuioned without {^ivnt loss. The primary oro 
iias been roaehtfl in but few i)Iaees and its averujjco ijrado is nnloiown, but it is safe to assume 
that tlus ore will be of lower tenor than the oxldi/'.ed ores. Several ore -.iiuiols that swvi' profit- 
ably worked for eonsiderabie distanet^^ below the snriaee have pinehed out, ahliou^^h the fissure 
nnd vein matter persisted to iireater dfpth; other deposits have shown little uhiiM|^'o to the 
p'oatest depth to wbieh they have been opened. 

Deposits of this tyjie have produced cjnsiderablo nietid in the past, some ol" it at a profit, 
iin<l there is no reason for thinking that the same will not he true of similar output in the future. 
Deposits of this 2:eneral eharfU'ter have been very jji-ofitablc produeei-s in other districts in the 
State, but. present developments do not indieiUe that the ore bodies in this rej^ion approach in 
tii'/.e those of Park City, Tintie, and Binirbiim. This does not im|>ly, however, thai- a f^iveu 
amount of capital invested liere may not brinj; returns as satisfactory as those obtained from 
Iar<rer deposits. It is believed that the ileposit.s of this type are worthy i)f development with 
reasonable hope that some of them may affoni payin»^ mines. 

DEFOSXTS IN LAVA. 

The Horn Silver and the Carijonato are the two important deposits in volcanic rocks that 
have been developed. The Horn Silver was unusvially rieii and there is no doubt of the ability 
of such a property to pay good returns on the nionc}'' necessary for devclopinij it. At t-Iie time 
the two deposits were discovered it would have seemed rcasonal)le to predict that additional 
deposits of this character would be found. With tlie unsuccessful prospeetiny; of sonic of tlie 
more promising areas, however, the likelihood of finding similar deposits has decreased an<l at 
the present lime such a prediction would be Ic^s justified, though it is still poiwibic thnt such 
<!eposits exist and may be discovered. The ufTusivo rocks have suffered profound hydrothermal 
altei-ation over Itwi^o areas and it is not iinpi'ol)able thnt the deposition of ores hua been asso- 
ciated with this alteration. 

DETAILED DESCRIPTIONS OF MINES. 
SOURCES OP INFORMATION. 

In tl\e following descriptions is presented such information as the wn'ter hn3 been able to 
ctdlect concernin<r the different propeiiies. The .itnount of space given t« dilferent mines and 
the detail of dcscn-iption varies greatly. This is due to several causes. Many of the properties 
were not active at the time of visit and consequently the writer was not able to make a- study of 
them and can describe only the general relations as seen un the surface a.id gathered from those 
familiar with tlie mines or from old reports. Other mines have presented especially tavorablo 
conditions for the study of particular features of the ore dq.osrt.on and have been investigated 
in as much detail as possible. In still other mines the relations are smiple and >tl hongk tjie 
deposit, may be of much value or promise they may be descnbed m comparatively few words 
It is apparent, therefore, that the amount of .pace given o the deseriptum of the several 
r' ' ' , ..:K-r.p,irmv relation to the writer's opinion of then- probable value, 

properties does not ^'^^^J^:^^^:^^^ „,nes have been taken from the records of 

The m=M>s showing '}^^^^^^^.^ p,,,,,, of the mhies that were not accessible at 

h" rr^lrtVlubt the con-ectne-ss of any of these maps but of course can assume no 
responsibility for them. 
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SAN FBANCISCO AND PEEUSS DISTRICTS. 



Th(; Sail FnmciHtv.) ami Prcus^s districts are located in the wosloi-n ]>ii.rt of tl»o area under 
di^rn-sion The San l-rancis.-o .listiicL covers tho soiiMi cud of the San FrancUc.o Ranjce and 
G-.n*ains the mmes that k:tvo m;»le tlie hiri^'cst outputs of iiictal. The Preuss .hstrict includoa 
thoininrs in the ^edirnonr-ary ro^d^^ noith ol the Caol-us area of quartz mon/,omte. (See \\ 

XXVII.) 

IlOtlN" sri.vKi: MINK. 

LOCATIOK. 

Tiic Uorii SilviT mine (Pi. XXVIII, A) is Inraliul at the cast base of Ch-antpiiiii HiU, about 
a. mlic< sorithojist of Knsro, at an olcvalioii ol' (i.5oO Icot. 

HISTORY. 

W. A. UookiM- in u rri)ori lo tlio llorti Silver ilLning To., dated April 5, !S7!), makes the 
folloft'in;^ ytntmncni coiuoniiiijj; tlic di-^coveiy ujuI early histniy of the mirio: 

'rJiwn.'i»iirkn!jlfdc[KJ.sii uf oro wsm dwi.-ovci-oii 8<'iil"inl)t'r 2-1, l?7'». I>y J;)inos Ry:ia ami .Samuel tiawkcs. A ^-!t^(l 
wii.-i(omm)!tir(Ml v. A h;i.i I'lri ((iiiikalwiitSO fuel in <ire whoii thec);-'iin wayiwld, I'Vliruary J 7, 187(j. lo A. (j, Caniiitntll, 
XUllhPW riillffi, Di'iiiiiM K)iin, luu] A. Byram, lo ffUom ia due thf- rmlit ui hnvinif tlcvelope;! Ilic* luinc and liron^ht 
Ihn 'li.-irit-t lo iw present staiu of i>r()hiK'nly. Tlu-w' dcvcIopHipiils ha^e rosiiil'.Ml in proving the vt-in to a. dyplh of 
.(vi'i-ilW fcot, unil ulx'iil 2-1,000 looa of ore liavu been extraok'd -.iikI lurneii inlo Jxillion. 

(hi Kobniury 17, 1S70, the miae caiuo into the ]>os.sossion of the Horn Silver MuiiagCo., and 
it liiis heca worked l)y that ciinipflny to th<^ present time. l'"roin 1S8() to ] SS4 It wu-i one of tint 
liut;i«t pi-tHJnt'ci-ri of lend and silver m the State. Ou Kcbrnary ]'*, 18S5, the ground, whicli 
liad t>wm sottUiii* for some time, eave^l to tiie seventli level. The .'^haft wa.s closed and 
ostrac-tiwn of ore \\ll•^ interrupted fur f>onio tune. The mlno \va,^ reopened, however, and has 
sineo been, a steady prodiieer. Tho following table, compiled from tJie eompany'ti reports, 
GSrept ii<i noted, slu)\vs tlio production of metals and thou- value i'roni. tho openinij ol' the n'.ine lo 
tiu*. close of r.iOy. Tho h.^ures for the value and the mclallic eonteni o; tlie ore mined previous 
to llie aecpiisition of tlie l>ro|x^r^y hy the Horn Sdvor Co. have been cstiiuatotl, but are belie\c'd 
to be very idoso lo the (rue fii^urc.-i. 

O.L* mvl taetal pniducat /rom the Horn ^•li-.-r miiu, J.'^7fj~l'n>9. 
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.1. HORN SILVER MINE AND VILLAGE OF FRISCO. 
Contact of quartz inonzonile and limestone In the low saddle. Squav/ SpririjTs Pr.sG a: \l-<i. 




fi. KED WARRtOR MINE. STAR DISTRICT. 
Outcrop of oru- body near the road or right, 



HOKX SlLVElt .\|ISE. 

Vuh,,: v/md/il fhodwiiioi' nf Ihirn ^ilur iuht€ nnd ihYvititit fit'id. is:r.-:^a. 



165 



pwrioi»WWT9o 

Feb. 17, ISTW, lo DfC, 31 , ISSI 

uw 

wo 

UH 

W8S 

UM. 

)^ 

ui*.- 

1889. 

MWI. 

m\ 

INS 

1M3 

MW 

»» 



^"Qt»»C. 



I^JvkiaEKbi. 



n.u3. 

3,867. 

3,3T0, 
•2- SSI, 

Si, 

III, 

250. 
:ui, 

lUl. 



730.00 

113. M 

Hll>. 17 

6.--L*. r* 

W5,2S 

air.v. 

737. SJ( ' 
Cry.1.s.s I 
II'V.IU 
113. >4 
416.17 I 



St.?SO.0«D 

M0.I1IIIQ 
ISCCDOO 
I-1»,P«I 



"APOO 



V»hn». 



ItM 

1897 

isea 

law 

i^*» 

1(101 

1«U 

Iltti. . 

Mil 

WOA 

lUOft 

im: . . 

IWiS. 

!«» 



C11 
217 

IL>|I. 
I LIS 

ion. 

110- 
121}. 



.KI.Qt 

ADILZl 
.308.72 

.1511. W 
L.W. tu 
7i«.[lft 
■.^ftl.^7 
.■»?. In 
KK. 12 

aia.73 

181. R£ 

.%S.«M 



2D.a»7.<JY8.JS 



nh-hluntb. 



1^1, onn 

wi.omi 
::'i.ooo 

7;,iKtt 

"•Jii.'aVi 
at, urn 
a).nMi 
»i.rau 

ftl,OBII 



il,(ft.MV« 



" r.-itlcrinlrit. 

This (Inposit has pmvetl to Ik- oiii' of tho rich oit iloixtsils ol' tiu^ Stiitu, thi^ iivorn^'o vnliio 
per (.1)11 of ore bciiig S42.68. Diiriu^; the oarly yours of prothiclion, when xUvor hrou-flit nuii-h 
Ix'ttcr prices than nt prosont, liio vidud of tho mot.iiI recovery c.xowdod ^lOU per ton of ore. 
The mine, however, hns not rciichrd the produelion thiit wius estinnited in it«i onrlior hist,()ry. 

A ciu-oful exuruintitioii of the ciiitructer, exlent, nnd Viihm of the deposit was made for 
tiio Morn Silver Mining Co. hy W. A. Hooker nnd Henry ('nmniin.i;s soon afier Ihat eoinpnny 
uotpiircd the property, nnd a eoinparisnn of tboii- cidciuiiled viihies with (lie resnltii of over 
30 years of operation is of interest, especially at- ii tinu: when it is the proper tiling forniining 
companies txj ealcuhito uro resourees and profits fur yoni's Mheud, ixwsibly in .vinio instances 
\v\\.h nn overoptunisLic view of tiie future. At. the time of their oxnmitialion ihe mine hatl 
been dev(\h)ped to a dept.h of 282 feet holow the snrfjic© and tliey estimati-d ns " Icfhiiiealiy 
now iji sight" 513,000 t,ons M ore that would j-ield a profit- of .'<i7,!io.">,000. In n(!(Iiti<n\ to 
tliis, what might- now be toniicd probable and possilile ore >\-«y niferred lo hy \ looker ns follows: 
''Ttio confinuanco of the vein beyond can not be doubted, and there is every reason to antici- 
piito timt this aiuonnt of ore as estinialed will be. nnmy times muh-ipiied before the dei)ot*it i-s 
ttxhuiisted." Since the examijiiition by those men, ore has been mined nearly to tho l.OiHI-foot 
level, and to tiie doso of U109 a total of 47-1,780 tons of ore Inu! been extracted, inchidiiig 
2o,t)00 tons niin(xl prorious to the examination, tlio -.ottil value being .S2O,2((7,07<S and tho 
profit to the company §5,642,000. These figures nre not ^iven to east a renoetion upon tho 
reports cited, which seem t-o be baseJ on an examination as careful as many that are inathi at tho 
pptsaout time, but to point out th** fact tiiRt flucLuotion in metal pricre and irregulnnties in ore 
deposits are larger faetoi-s iti determiimig mine v;>hiea tliau is somotinies lulniitte^l. It may bo 
further noted that the ore body is not yet exJiansted nnd iiiuhiubtedly contained a larger 
tonnage than the estimate, but tliis did not all lie within the ground on which Iho ostimalo was 
made. 

Pro\ioiis to the acquisition of tlie property by llie Horn Silver Mining Co., tho oresj were 
ymolU^d at tho company's works at Frisco and by the Frisco Mining & Smeltuig Co., whkrh also 
operated a sraoltcr at Frisco. The resulting bullion was freighted by wagon at) first to Salt 
Uikc City and Inter (o the terminal nf the railroad as it was i)usln-d southward. Tlie cost of 
snioUing" at Frisco was high, owing to lack of water and scarcity of fuel, tlie cost for 
January, 1870, being given hv Henry (>ummings as S1S.3I a Ion of ore, and on (ho eoniph-tuui 
of the Utah Sontborn''Rnih-oad to the mine, in tho summer of 1.S.M), the company constructed 
a smeltiug iihmt at Franeklvn, ahoul 6 miles stnith of Salt Luke City. Smelting of ores was 
begun at Miis plant in Juno; 1881. The company owned a refinery in Chicago to which the 
bullion was shipped from both smelling plants. In Jmic, I SS2, operations at tho Jnsco smelter 
w<.re discontiuiied. From thi« time unliJ th. caving of tho imnc m iSS.i the. bulk o iho ort^ 
Mere trcattHlat Franckhu. The FranckJyn plant w«s closed n. March, ls.s., after ho caving 
of l.hc mine in February; and smehing was not resumed when tho n.mo wa.. n-poned. 

Lat*^ in IS93 the mbo was equipped with a 20.staiup mdl having twelve r.-foot, I'-'^o v';h'ku- 
tables for concentrating tho low-grado on^. This mUl was put into operatu.n early m 1894, but 
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;„ Anvil of (hat, vo.ir ti,. entire plant w.i. .lestroypcl by fu-c. Tl.e plant- t\-hs i.miuxliat% 
n.H)nstn.cto(l, tl.o new n.ill ha^'in^' liO sruTr.p. and 18 tables wit:, u .1.. y capacity of 200 tons 
or on- This Piill wus opm-ato.t until Um, uhon it xnus closed. Durinrr ibo samo year tho Peck 
mill was Ci.nHtriio.tod on l\w pr<>p(-'«'ty. This niiU wa:* designed to suparnte tlic load and zinc 
v;dncs Inn .»ftor a trial run was clo-'^od. KavW In VM\ ttu' old mill whs roniodelpd :^nd oper»t,>d 
for It flhort. jwrind. u:fDERGROD^^^ wobkwgs. 

The minn way fnsl opciuul by a sliafl sunk in (lio nortliw(«torn pDrtioii of the (H-,-, body. 
Later « w.irkliit: shaft was sunk about 2.M) foot tmst of iho ontrrop of ihn orr. This shiilt was 
ovi-niiudlv srntTt^) the ri^hth lovid and all the upper hwh were oonnocled with it- by crosscuts. 
It- WHS portly closed hv tho caviujc of tiic ndiio and «t jircsciit 0]iO]-ali(tns i\ro. conductod vliroM'/n 
n shaft locjilcd AOO ft'ot cast of t-bc, outcrop. This shaft has been sunk t() llin depth of tho 
sLvfA-^mth level anil einnieetcd by eroH^cuts wilh ihr third, fifth, seventh, ninth, tenth, elovouth, 
twelfth, und Hixtoontlt levels. A ahnft aiui intliiio l,l"iO fct^. nortli of the nuiin shaft &-uuioct 
the sevnnth level with the surface. Drifts on the several levels hjivo explored the ore zone 
to the north imd south fordistances ranj:ijt<; fi-nui 1 ,.'>00 feet on the seventh Ic-vel to a few hurnh-cd 
fcot oil the hmer levels. Tlie amount of drifting wi the scverHl levels can I>e best seen by 
rofiui^neii to PlalK XXIX. In this pbito tho relations of t,be roeks find ore in the upper levels 
have been shown largely as (jiveii on the c-onipany's nuips nnide by D. P. Roldfing, as the writer 
was fible to see only small portions of tho deposit nbove the 700-foot level. 

OBOLOGIC HKLATIONS. 

The west wall of the doj)t>rtit is the lunestone of Clranipian Hill and the east wall consists of 
tho volcunie rocks lyiuj; lo tlie east. It us n^ported that "syenite" formed the. footwnil for a 
])i\rt of tho diataneo where it was exposed in the nortli drift on the 1,100-foot level. This lovoi 
was not flcecssible at the time of visit, but sofnr ns can be judged by descriptions tho "syenite" 
corresponds to file quiirlz nionzonite of tho Snn Fruncisco Range. 

FAOLTS. 

Tlie Uipvn Silver fault, striking' nearly north nnd south and dipping steei)ly to the ea-^t. 

hiuN thrown the vohiinie rocks down n.i:;iiinHt the limestone. The throw of this fault Juia not 

been »let<n-niined. but it is at lei»st 1,600 feet, tl»e depth of the mine, and undoubtedly eou- 

sidenihly nutre. It k u normal huiit with the downthrow on tho east.. The dip of the conttiet 

is rather irregidtir, esperially in the upper part, m can be seen by reference to Plate XXX. 

The genei-al dip from the surface to the fifth level is between 00=* and G5° E., although there 

nre nnirked vorinfkms nt .hITerent points. Bt'twoen the fifth nnd t^-nth levels the fftidt Ls 

nearly vertieal, with locnl dips to the west, niakintr the limestone the han^n^ wall. Below 

the h-nth evel (he fault ix^&m di|>s to the etvst. beconung sliKhtly flatter in the lower levels. 

A part at le>ust o this .rreguhirity in the direction of the fault is due to movement idong the 

uMlduiR pla-ics of the hmestone suWquent to the fault. In the elevation ami tilting of the 

hlnek here hm. been shpp.n^ ulonj; pUn.^ of weakness in the bedded rocks, resulting in the 

projcMtion of ccrtau^ slr«u Wyond their normal position 

tion "^vUh !™ ?t"'''r f ^ "'^''^ ^^'""' ^'*"'' *''^^'' >"^^ ^*^'^" f-^ol^i-^ i" '^ U.^r...ei.. dii^c- 
^ .imd n rn! . "^f'T"!^"^- Evidence of the extent ot vertical movement was not 

^' l^ fa I ndf^ r ^'''? ""' '^"'" ^■^*^*- ^^"fortunatclv it was not possible to 

At the south enrl . fVl, ? ^'^^"V^y^'-onipaju's map and could not be verified by tliewriter. 
..au.tg neX : ,d Sju L'"' v "" f-ltstnking almost exactly e..t nnd w-e.t and 
level. From ihe ..rlL to t J , t^^^^^ ''1 t ""^ T^'' ^"^ ""' ^^'"^^^ *^ *'^ ^^^'''i 

it dips to the north at .a angU o a^u ^S^ Tl 1 '" "'^'"^ ''''^'^' ^^''^" ^^'^ '^'''^ u^'^ 
thromi About 40 feet to thn o« . r * "' l"Tit-;tone to the south of the fault has been 

etuit, so fur as could be determined at the surf.u-e. There hv^ 
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HOBX SILVER MINE. Jg^ 

;«■'■" ™"f l^''"W; ^l>"''i;i"S of '!« IimesU,no, however, »nd the actual movement may have 
bcc. Kio^te, . 1 he fault ,. rc,»c.e,„..d ,vill, a throw of 50 to 60 feet on the fi«t anclsoond 
level.. On the lower loveb the horizontal displacement decreases, and on the seventh level, 
where .t wa.s mressible at the tune of visit, it, is very slight. Below the cicrhth level it luvs not 
bt'oii roc'Ognizof;. 

Ahoi.t 500 fct't. south of the f^ult j..t mentioned! is another in which the block t^ the south 
,s "-^•y";>ff^<;t' 'o tj^io oasl. Ihc sink. i.. about S. 45° E. and the olTsot ,i.s soon ,it tho surface 
L. fully 22o foot. llu.. fault, or one tliouffhf to bo tho same, w.us n.^t oiioounlorod in tho mino 
\s-orlcinffs on tbo 500-fout, level. At this point the offset was about HO foot; on the sixth level 
It. had dooretu^ed to 12.3 fe^^t, and on tlio tenth level to 80 foot. Below t-he tontii level the throw 
has not been det^^i'Dunod. The general dip from tlio surface to the tenth level k botweon ijO° 
and 65^ >fW. Thoro is oonsi<lorable variation at different pouits, however, espooially between 
the fifth ftud sixth levels, where the dip is nearly vortieal. 

A tlurd pi'omijient fault encountord m the uiino is fust shown on the fiftli level, where it 
is 350 foot north of tho. cro.^seut from the shaft. Tlie strike of this fault, like that of (tie one 
next to tho south, is nearly oast and \\'est, but in tliis uistanee the block to the nortii ha-s been 
throwiv to the oast about 70 foot. The fault was exposed on tho seventh levd at the tuiio of 
visit but not iii such manner as to permit a determination of the amount of movenient. On 
the eleventh level it is reoro.^ontcd as havinj^ a throw of 150 feet. The dij) Hveraffe.'^ nbi>ut 
75° S., thougl.1 between the sixth and eighth \cvc\s it is nearly vertieal. 

In the two faults that are so exposed as to give fairly coniph^te data eoncerninj: (he anu)unt 
of movement there is ii dislinot and progressive decrease in the hoiizontul dis]>lm'ement with 
increase in depth, the displacement in the lower levels being conipartUivoly slight. The.se 
faults arc later than the Horn Silver fault, as is plainly shown by the fact that ihoy cut and 
ofi'set it where they cross. 

The facts that the faults arc later than tho Hum Silver fault and fhat the dLsplacement 
decrenwcs with depth, tnkcn toj^ethor with tbo evidence of slipping along the htMhlinij jilanea 
in the upper levels of the mine, producing the apparent horizontal ofl'sof of the Horn Silver 
fault, suggest the following h^iiothcsLs to account for the conditions. The Horn Silver fault 
when formed hftd a fairly uniform (Hp and strike, as would b<' nosinal to a fault of (Ids mag- 
nitude. In the tiltijig of the limestone which followed the faulting there was slippmg along 
the beddbig planes, causing certain strata t« project beyond tho oi'iginal fault line and thus 
nroducing tbo horizontal disphtoemcnt of the original fault. Moreover, the limestone! waa 
fissured m an east-west direction, and when the limestone strata slipped those fissures wore 
linos of movement anrl allowed one portion of a given stratum to slip farther tluin an adjoining 
portion. This caused the lateral displacement of the north-south fault. In the lower levels, 
where there was little hoiizoutal movement, the lateral displacement of the east^west fault is 
also slight, whereas the revoi^e is true in the upper levels. 

If this hypothesis is correct, it indicates that the east-west faults are probably little 
more than fissures along which there has boon movement due to the local shpping of the lime- 
stone beds, and that there has not been notable vortical displacement. This agrees with the 
observations regardhig other fissures within the hmestone. That there has beeti sonu^ ver- 
tical movement, however, Is evident fi-om tho vertical striations on the slickcnsided faces of tlie 
walls of the fault, and in the places where the direction of this movement wns observed the 
downthrow hivs been to the south. In tliis respect the faults correspond tx) the important 

east-west Squaw Spnngs fault. 

Movement along both the north-south Horn Silver fault and the enst^west faults has taken 
place at suecossivG periods. Tho most extensive raovement undoubtedly occurred at the tune 
of the uplift of the San Francisco Range, which is beHeved to have taken place^contcmporaneously 
with or immediately aft^r the intrusion of the quartz monzonite. As tho block was doubtless 
bemg tUted while the vertical movement along the Horn Silver fault was m progress, it is hjghly 
probable that the lateral movement along the east^west faults was m progress at the same tmie. 
This movemcDt along cross faults seems to have been an miportant factor in producing the 
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brcecittted rocU that, uccurs at tho^c points. Afu-r liic fir.sl lanltin- tJi. <,ros w.rr, depusitod 
and <;ubsonumit!>- (hero h.ivo occurmi vcpoatodly sufllcu-nt nK.voni.>n(s nlong l,..r]i the north- 
south iind Iho ett'^f-uTSt faiills fo prnduoo brccciiUion unci -^hckensidc? in the ore adjucerit to the 
faults Tiiis wiis csprcinllv well shown lU the t-imo of visit, in connection with tlio soutliora 
c-.st.w.'st f'lult. nn tlio ninth level. South of tliis nnilL nonr (he llnio^tono w.iU the .sllckonsidcs 
iudiciilLMi ncirly vortical movement 'ih.ng the north-south fiiiill, and along t-ho east-west- inult 
(he siiekensiJrs indieiiten MHiiliir flioiigh loss cleiirly defint^d movemont. In t-he arens between 
the earn-west fiiulta there, is little evideuoe of intense tweeeiation either before or .ukn* tiie 
deposition of the ores. This is well shown in connection with Iho silieified roelt surroundin- die 
silver stf>pe-s which is ii replaeomeiit of the tavrt -with lit-tle evidence of tho l>reGcintion of 
that rock. The movement, nhnv^ the north-sou'.h ftiuU has not been entirely- confined to a 
sin<;le phnie, Imt occurred to some extoni idong pariiUcl pl:ines separated by liinesCone. us is 
well sliown iu the open cut, where n Ubular block of the limestone several feBt thick that formed 
the st>uth witll of tlic ore ixidy linri fiiUon away iind exposed n second well-defined fault plane, 
esse.ntitillv paridlel I.0 the iji"st. So far as was asoertainod, t lie east- west movement was more 
gencridly conlincd to a sinj^lc jtlmie. 

The massive limcstono wlis more resistant than the weok liiva-s and the hrecciation was 
con5e(|tlcnlly vei-y J^P'U'rnlly confined to the volcuiiie rock. The higlily idtered condition of tho 
rock idon^ the cuntaei renders it im]ins-^ihle to determine positively in all phtce.<! what the original 
rook w;is. but it Ix certain that- most of tho altered and breceiated rock was lava. 
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ALTE2ATI0N OF THE WALL BOCa. 



The alteration of the wall rock adjacent to the ore zone shows a general leacliing of all the 
jjrincipal oxides except iron and silica, the rcsult^mt rock being coniposcd mainly of finely 
crystulliiie siUca and pyrite, with some, barito. Where the alteration was less intense the 
foldsiiai-s show serieilizulion, but tlie potassium and aluminum are largely removed in the zone 
ol more inton^e nUeration. The Iron of t-he ferroma^niesian silicates has npjiarcntly all com- 
bined \\'\l\\ sulphur and remained in tlic rock as p_>Tite. 

The liniesionn forminp; the footwall of the ore body shows much less alteration. It is gcn- 
cnilly reerystallized jintl aloni^ fissare;? slightly silicified and reijlacod by ore minerals. Ne^r 
the suriaco iu s^everal phiecs ore has tn-en followed for stmie distniice into the linu'Stone along 
fissures, but exlonsivc bodies of ore hav« not yet been found in the liniestono. 

Tho 0x1 ent of idleralion ut' the wall rock nppf-jirs to have been controlled by the physind 
clinrncltn' of the rock. The massive limestones, being rclfllively impervi(nis, have sulfercd 
litllo altenil-ion, whereas the more [amvus \nlennic rock lias permitted a free circulation of the 
mineruiizing solution.s and hns nndei>i<)nc uilensc alt<:'.r«tion. 

OBE AND GANGCE. Unf£BAI£. 

The mine i>resont? ai\ unusual variety 01' niineralf, This is due to the presence of seviM-id 
metals wlii(;h on oxidutiou of the origimd minerak have formed various secondary compounds. 
For the purpose of desoripfioii the mli\eraLs may be coi\sidercd as primarv, t.ht.se "formed in tiie 
ongmal deposition o!' the ore body, and secondary, (hose formed by the alterntioii of 1 he primary 
minerals. 

riilMAPV MINEH.VLS, 

Galena is by hir the most imjiortant of (he Ie«d minerrils. It, occurs bot-h as r coarse.lv cr^^s- 
talhne variety and a vvvy finely ervstaHino varietv sho\^■ing but little crvstal structure it) the 
aind specmaen and resembling massive chalcoeitc in general nppcar-=xnce, though somewhat 
hglu^r m color. All gradation, between these ,^^)os are to be seen 

A sulphantnnouide of lead is ,dso of common occm-rence. It is u.suallv dark gniv nnd 
mely crystallme, though here a.ul there it include, small mass<-s of morn cmrselv erystidlmc 
renWin. ..V^"" ^'^'!'''^'"-'^' "'*' "»'><^'-«l ^^iv<->^ ^ -^H^hv- odor of arsenic, tkis me:!..! probably 

lor h ni rT" '" '"'". "'"'""^■■^- ^'"^^^''' *-h^^ u.icn.scope it is seen to be made up 

for the mo.st p,.rt ot one unneral, which has not been positiveh' determined, hut i. probably 
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jumcsonitc. Tt is very conimonly nssocintod wiik bai-iic. ihougli suutU s;MMMnipns wero coUeotcd 
Iroru tlie dunip ihat c!rt nut- slutw this (i.^s(M-ialinn, l-ocsilly tlioro Aiv niicrusuipid inforgrowths 
(:ji'i^ PI. XV, i?, p. 108) of s tUrktT miiicnil that has nol, born doliM-niiiuHl Imt, is jmssibly stibnite. 

//mo occurs in Lheprimtiry ores ns spholorito, Liu; coiniiion suli)lu(lc of zinc. CIoscU- nsso- 
cialpd with t.his i.s wiuMzile, the ziuc sulphido that o.rysl:dli/,p.s in fho hcMi<,'on;il Conn, whiclt is 
beiieved ro be socondniy. In rhc hand specinicn Ihe zinc ore hus ilio apponnnico of being 
niiido up of honey-yeUow sphiilerile, inil in ihin seclioiw under ihe microseope t\ cunsidemble 
porliou is seen (o be r;it,he!* stn.n^h- double refractljijj. ('nmful cxnniiniition rovcidcd some 
oryst.nis t-erminjiled by liexaKonal prisms. Thc-^e were subiuittcd (o W. T. Sehaller for cn'stal- 
logniphic and eliemicul examination and were f(>und t*i forres|>ond in |trope.rl-ios to x^rtzite. 

Tltc zinc .sulphides luivc (he property of tribolur.iii^csoenrc, or of givhi^ ofT licrht. whon 
acint<;hod, l-o t^o marked a de^re*? thai: ?.ine ore eiin he reiiiiily dot.ecIi?d in ihc mine l>y drawing 
the point of a cuadlestiok or |>iek across the rock. If xinc ore is presoul. (Itc jioint of tbo metal 
will be followed by n line of lij^flif.. This jjroperty of /,inc sulphide has bei-n noted at viirious 
localities in Mus eountiy and abroad. It is veiy eoiiimonly awocinU'd wilh liphl-rolored sulpirides 
containing; little iron, but the jinniy property hiis been noted in speeimens of durk sphalerite 
containing considerable iron. So far us the wTiter is awnre no satisfactory explanation of 
this property of the zinc sulpiride frt*in cerium deposits has been offered, and no explanation 
of it has been discovered in the ])i'escnt investi^fntion. 

Original copper nrinerals tire rarely .seen in the uiv. A little cIialoop\Tit* ia pnwcnt hero 
and there, and as no other original cop])er mineral has been founfl it may Ih> that most of the 
copper was originally deposited as Ihat mineral, tiiough it is by no means improbable that the 
.suli)hani.inionides and possilily other minerals eontainc<l small amounts of cu])per. 

The only primary silver mineral that has been identified is a sulphantimonide of reddish- 
purplo color occurring as thin plate's lUid films along (he eleiivdfje planes of barite orystftls. 
Ciystals of this mineral were not obtoinwl for idc-ntifjcatiou, but it is j>vnir£vnlo or some very 
closely allied mineral. The sulpliide of silver, iirgentit**, is reported by Hooker from the upper 
levels <if the mine, and it is probable that the sil\*er eontnined in the sul]}hi(les iy largeJ}- in thi.«t 
lorm. 

Antimony and areenie are shown in all the analyses of the oit, and arc doubtless present, in 
all parts of the mine. As already shown, antimony is present in the snlfthantinionido of lead, 
jamesonite, and the sulphautiinonido of silver, pynii^yrite. The form :n which (be arsenic is 
present has not been determined, bot it probably oecui-s in snlpharsenides ol leod and silver, 

Iron is present in all the pnmjiry ore as pyrite, which locally forms a large percentage of 
the ore. Iron is doubtless also present in small amounts in the olhcr sulphides, though in this 
connoct.ion it may be note<l that the zinc sulphides are unusually Uvc from iron. 

\'\nierc gnleuu, sphalerite^ and pyrite occur together, tbeii- relations indieato tliat they were 
formed at the same tiine. Thus is especially true of the galena and sphalerite, wliieh are in 
miinv places intiinately intergruwn, but iii less apparent in the relation of the pyrite to the other 
niuioroLs. The pyrite' usually occui-s in smiiH crystals, and none uf thesis were seen to ijieloso 
other sulphides. On the other hand, pyrite is commonly present in the fine-grained galena but 
Ursa abundant m the coai^o galena and zincaulphido. Tlicsulpliantlmonido miniTaK as already 
stated arc probably present in varving amounts in hU the lead aii<! zinc ores and were deposited 
contempornneously witli them. Whcro these minerals wm- observed m abundance, however, 
they 'ire associated with barite and wcm hdor than that minerfll, fornmig around the ciystals 
and alon- the cleavage planes. Tlie barite Is remnrkably free from hielusioos of utiicr minerals, 
and app.Mii-s to have been one of the earliest to rorrn. Though th«^ rehU-.ons ol the sulphid.'- mm- 
cruls in mdivi.lual speeimens indicate thai tliey were nil being formed at the same tune, then- 
general distribution hi the mm(. suggests that the main period of deposition o some of the sul- 
phides may po^siblv have been earlier th«n that of others. 1 us is ci^pociaUy well snowii on 
the seventh level north of the sluift m the silver stojx^s, wiiere the prmcipal sulph.de pa>sent is 
pyrite; where the pvrit<> has been altered the caviti.^ u. the sdi.-eous gangiie pn-scrve the form 
of pyrite crvstals, "showing thai this was the mam mineral j.rcsent. Ore ot tins eharaete. 
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cxU-nilM below tlK. Seventh t<) llu^ oiKlilh level .uul .loubtIos^^ still (artUnr down ami in reported to 
extend nbovo the i.jurlb level This ore, buwever, grades into th(^ normal lead <no and niuy be. 
due to uMier faeiois th.in n diilVRMieo in tlie ])eriu<l of deposition. The disl.inetion between the 
nrininrv load ami /.irie sulphides 1:^ much loss marked than that already iK>ted tor tlio pyritic 
ore All the zinc ore contains eonsideraMe lend and n\\ the primary lend ore contan.s zinc. 

Aceordins to the reports ol' Hooker and (.'unmiinirs. in the up])er levels of the miiie theio 
were smuil bodies of "si>arry ore," consistinf:^ maiiily of barit^ .and silver minerals and contain- 
ing: but litth^ lend. On' of tliis t)q)e w.is not ol>scrvod in the lower levels of the luiiiu, 

On eonsiderint; all the evidence, it seouis iilcely thnt the earliest action of the ore-bearing 
solutions resuhed i"i the silitilieation of the lava and, at the same tiinuj the dt^jiosition of abun- 
dant ])yritc carrying' sib'er. Barite was also deposited at this time, as it is IVmnil m small nmouiits 
m the -silicificdronk and locally formed an abumhint jran^ue mineral. Later the solutiona 
deposited load and xine siil))lu(irs and continued to dej)osit ])yri(e, but iu less amounts. 
Suflirioiit data coiieernin.i: the barite ore have not been obtained to wnrmnt any conclusion 
coneei-nin^ il.-i reUition to ihe other ores. 



SKCOS'DAHY MIXER.^LH. 



Alteration of (ue ores by solutions ii'-ovin^ downiward from tho surface Uds hud considerable 
ollVet on the character and \alue of the ores in diiTerent parts of the mine, and the mine there- 
fore presents a lavorablo oi)portuiiity for tKo study of altoratioti of tliis cUaraeU'r. It is unfor- 
tunate that a detailed study oi the upper levels could not have been made when they were acces- 
sible, but n K*^od idea of the j^ennral character of tho ores in those levels cun bo obtained from 
the i'e])orts of Hooker and (.'ummiuj^s, thouf^h these reports were coiicenial more with the coni- 
nierciai than wit li tho scientitic probletn.s involved. 

By far the inost abundant secondary lead mineral is the lewl sulj>hatG aiii^losite. This 
formed a lnr;;e percentaj^e of tiie oro in the upper levels of the mine. C'erusite, the carbonate of 
lead, is present in tho se(Oiula»-y ore^ but in reiativteiy sli;?ht ainoimts. Plumbojarosite, tho 
sulphate o[ lead juid iron, is also present in unknown but probably .small quantities, NuJiierous 
specimens of this nuncral were found m tiie old dumps, but as it hivs not been generally recog- 
nized as a It'ud niiiieral no information Was obtained concerning the amount that was present. 
Another sulphate of lead, eopjier, and iron, beaverite, a eanary-yellow earthy mineral, is present 
in all the old ilumps, and was probably fairly abundant in the secondary ore. Linaritc. the 
hydrous suli>huie of lead tuid copper, Was foupid iiicrustijig cavities in specimens taken from the 
duaip. 

On some specimens of jameaonito there is a dirty-white alteration product containing lead 
and autimony. This is probably the hydrous antimonate of lead, bindheimite. The carbonate 
of zinc, smithsonite, replaces ealeite crystals in fissures in the limestone and was also collected 
on luul above the 6<](l-Ioot level uf tho mine, (.'alaniiuo, the hydrous sihcate of ziuo. wa.s also 
collected above the (U)O-ioot level. It has not been possible to dclernmie the amounts of these 
mmerals occurring <in the fifth and sixth levels. 

Goslaiite. the hydrous sulphate of -/iuc, is present as an efflorescence in all ihe lower levels 
[, of the mine, m ,nany jihu'es forming fcltlike festoons with iibei>i several inches in length. Thia 

j^ mmeral was seen on too eleventh level, the lowest examined 

1 ,?•! t''%^'^*^°^^^^^7 '■••l>l>er minerals the most abundant are the sulpliides chalcocite and 

I covelhle. Those Replace pynte, .sphalerite, and galena, and hx^allv are so abundant as to form 

ad eonn'r Z" ^^^l"'T' !^'" ^"^'^' ^'^'^"■"^^ ^^«1*1'^''' ^^'pt^*^^*, and beaverite, the yellow 
!ead-eoi)per-n-on sulphate ahendy mentioned, m-e abundant 

in,^^ :r H '\::r ;:r!:i!" .^:^^'T^^' ^^^^^^^^ - -^-on, but . ^.t .n important ore 



HOBX SaVEK .MINE. 171 

ores. Wlieii tUi'vv nrr crushed jmil plai-od in xnittT. iM\ouirh copiior ^fulphiUc is cxlnicU'd (o i^ive 
obrmical reactions lor both copper aiul sulpliatc. 

The only sfcondary sihrr miupml lliut 1ms boon reco<?ni7.cd in the mine is cfnir^Titc, tiie 
silver chloridf, which is reported to huve been nitlior idmndnnt in the upper lovol:^. A test by 
K. 0. Wells of the silver ore horn iho seventh level shnweil the jnrsence ol' ehlovme, nnd i)rob- 
ably tlu' silver in tlitU. ore is present, in part n( leiist, ris the eUloride. 

The most abundani. seeondaiy ijiiufrue uiiiienLl is eludeedony (inuovphous silieu). which ]u\n 
re.sultcd I'rom liie iviteratiou of <]uurtz and forms (he iiiiiin j,'!injrue of thi> siliceous silver ore. 
Iviiolin occurs in the allered silver ore. Gy])suni is jn'osciit iu eonsiderable aiiioimt hi all the 
workiai^s of the mine and in the wjdl rock. Alur.iti', the hydrous snlplmte of aluminum and 
polassium. forms n rather continuous band alon<:r (he foofwall of tlie deposit. In the uj>pcr 
levels it is itu eurthy. friabh-*- niiucral, which crumbles (o powder iu the hand. In the lower 
lovel.s it is mivcd with aniorpluuis silicu. A .sjiecinu-u taken from iho ninth level proved (o be 
composed almost entirely of rtiiiori)hous silica. "lA'hen lakeu from the niino this material is 
soft am! cuts like wr.x, but ou dryinfr out it becomes haiti. It is ni>t impi-obnble that the aluuite 
i.s niLxed with kaolinite also. Hydrous oxides of iron iiud mani:canesc arc present, iu the oxidi//t'd 
ores in varyiuji: amouiUs, beiufc locally ubuudiuU, \ali^■e Hui])hur was seen ou iho dunij) iu 
sunie-ioiit quaiilily to indicate that it was I'.ot. an inu'onmuui nuneral in the iippei- Ie\els of tlie 
niine. (iml the writer is n;Iiably uifornu-d that it was ubutulaiit in stune oi the ores near the 
surface. 

CHARACTER OF THE ORES. 

The alteration nf the ore has losuited in ii considerable ix'arnuip;emen( of the metal con- 
stituents and a marked chant,re iu the character of the ore:* in differeut ]>arts of the mine. The 
deposit ivmy be nm^'^hly divided hifo tlu-ee zones — the zone of oxidized ores, the zone of euriciu*d 
sulphides, and the zone of priir.aiy ore. A ireiierul description of ilu? charncter of t!ie ores in 
these zouew is jjiven below, and a more detailed discussion of the tliaufT(?s fliut have taken pla^o 
will bo found in the section on secondary alteration (p. 144). 

ZONK, or OXIOATION. 

Throu,^hout the mine the zone of o,\iiliacil ores extends to aljout the fifth level, and in the 
north cud, iu the body of silver ore, oxidutiou has been c.vleusive belo%v tlio seventh level. 
In the main or" body the oxidized ore consists mainly of suljjhate of lead, ani^lesitc, carryiUi: 
silver tuul minor ainouuts of other sulphates and some carlxumles. In the north end of the, 
mine, about 50 feet above and below the seventh level, are bodiesof siliceous silver ore that have 
resulted from the leachiujr of ar-enliferous pyrite, the sulphur and iron bein- removed and the 
silver remauiiu- ])robabiv as chloride. It is likely that some ore of this character was preseait 
m the upper hwels, together witJi "sparry" ore, consisting ot rich sUvor nunerals m a banto 

" ""in 1 he lower part of t)ie z/^ne of oxidittiou ore some copper ores tliat have resulted from tiie 
o.vidatiou of the rich secondary sulphide ores. The most important mmeral of these ores .s the 
sulphate brochantite, with minor amounts of carbonate and siheale. Hiey were i>rcsent m 
the upper part and around the mai-in of the auiui copper deposit. 

Some oxidized oi-esof zinc, both smithsonito and caUmme, weiv seen above the sixth level, 
but oxidized zinc ores are in ircueral not abundant. . , , w .>-,,., r 

Much of the o..idized ore carried fi^m Sr. to 4.^ per cent ol leu<l and from >. to 40 ounces of 

silver to the ton. ^^.^ ^^, ^^^^.^^^ EMucnM.NT. 

The 7one of enriched sulphides is nmch le^s dennite than that of the oxidizc.I ores «ad prob- 
ablvTs now ere extensive over a complete horiz.>ntal seca.on of the mme. Along the bod.es 
ao ^ IS nowueie exieii.1 t however, it has a veiy considerable vei-ticat rau-c. Thjs 

ot breccmted ore udj,u.ent to ^»^^/ ^^'^^^ ^^^^ ^^^^^^ f,,,, (he rcphu.-ment of iron, .inc. ar.d lead 
ore IS of two cIasscs--<.opper o.e t ui ha. k suite ^i^^ ^^^^^^^^^^ ^^^^^^ ^^^ ^^^^^^.^.^^^^ ^^^ 

sulphides by secondary copper sul])hKles anU zuu vn 
zinc sulphide to the orif^iiial ore. 
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The CopiHT oiT h:i<i iU bc-t .l.-v<'top!n('iit. i»mi- tho h.-in-in- wu!l, extomiliiK from about Mn; 
650-foot to tm^ 75n-tnot K^vel. thou^^h lowor-srado co^iprr ore has beon opi-ntxl in otlioi- pmis 
oi' llir mine especially in. the north <'n<! i.1h>vii the 700-!(H.t. levol. The copper suipliidcs m-R 
covc.Iliio aiui chalcuoitp, imd much of tlu' oic was of liijrli .irvnfle. carryiti- froui 20 Lo 40 ],er 

cent of copper. . i f i i. . 

Th(! main bodies of zinc ore occur in the, bi-ccrm areas uIouk tJio Inults, the lnro;est body 
bfin^ aJsocifltod with (iic soiitUorn (^asL-m'st I'liult p.xtomIin>: froni about the sixth loA-el to bclow 
tlie ei^hLh. SniJilh-r budi-'s of zint- ore are iissoeiated M-itiL tlio midtllc fault, nod stil! smaller 
borlicrtKTiir in other ]nirts of ihc mine. Tite nitiin /.ine niinornU luo sidinieritc and Avnrtzite, 
anil all th^ ore cirrM-s POiiMiIcrHblM lend and silvor. The zinc content varies, but the ores that 
have been sfiipjied havo averu^'cd from 35 to abuiit 40 per cent of y,inc. 

KONK or I'ltlM.MtV ORh;, 

The zone of primary ore, us alivaily indicated, is variiiblc. in its vertical extent. At many 
points it exiends upwni-*! practically to the zone of oxidation, but in the Jii^Wy breecialed oros 
JL may be pniclicnJy uhsc-nt. 

'i'i^.e ores of tills zone are. cliaractenstieally composed of lead, iron, and '/.inv- sulpliides cnrry- 
in^ sume silver. The orft^ arc of relatively low tirade and ordinarily only the lead ^nd silver 
uro recovered. The hii;her grades of the^e ores liave runged from 25 to 35 per cent of load and 
fnmi 20 to 31) ouiieoa of silver \o the ton. 
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<:.\rTrs mine. 

Locafwrt-oml luakinj. — The Cactvis mine, owned by the South Utah Mines & Smcltei-s Oi., in 

iooatod in Copper GuU-b about 2V miles a little north of east of the town of Newhouse. The 

outcrop of the t>re- body is at an eleval ion of about (5,450 feet above sea level, or 1 ,200 feet liij^her 

thiui tho valley at Newlionse. The outcrop is prorameat and wiiij discovered nbout 1870, being 

one of tlie earliest to be l()cate<l in the di-strict. Between (luit (,line and 19(10 several ditTeiont 

conipimies altenipti'd lo work Che properly without sueceM*. la the early eighties a Krenoh 

fompnny did mnsiderahlo devoli>pn\ent work but profluccd little inotal. Jn 1S92 a small 

simelting plant wn< eroeteil in Copper Guleh, but very little ore was smelted before tbit* plant was 

I'lnso.d and ttpeiation^; aj^ain ceased. In 1900 the property was aequired by Samuol Xewhouse 

and nssoeiales, and :n^l903 it was taken over by the Newiiouso Miiies^ Smeltei-s tx)rporalion, 

which operated it until early in 19U), when the eompuny was reorgani^ied as the South Utah 

Mines ^t Smelters C\.. Production began hi March, 1005, and to tiie close of 1009 the mine had 

yielded ig,4l9,;510 pounds of copper, 7,510 ounces of gold, and 176,;?G5 ounces (tf silver. The 

folkiwing table shows the ore and metal output, of the mine by years fivm lOOo to 1900: 

Ori: and ntr/al aulput »/ tW Cadus viint, J9O5~l909. 
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DrirhfmiPTd.~-T\io m'liu- is (tovoioped hy ji m-MW sh;if( 000 fiM-t deep, from mIuoIi six levels 
Hppmxirartti'ly 11)0 foi-l jipiirt hiivo boun oj.ciifil. Tho sixth Irvci, 5,847 foot in i-lcvulioii nt tin- 
sh.ifl, is coiiupclwixvith (ho surt'ai-P by « mnui hniiliijre luiincl G.OIG foot Imig, throui^bwlurh nil 
oro p.-ibsos lo the criishor hoiiso. Bolow tbo riiiinoi lovol tho iiiiiu', is dcvoioped by nil inoUnod 
sh;(tt I^ICi foot licop, from \\hi(h the soToiUh, oi-Jifh, siml uijith levols arc uptMuuL 

Abovo tho sLxth lovol tho niiiio h:>s boon e:<ionsivoly opojioil and Ur^^o blocks of <uv hiive 
bopn stopod. I'l-orious tu 1008 iho sqnuro-sc( nictliod i^f niiniiii^r ^vns in nsv, pilhifs boini^ I(>f( 
US siippm-ts. During Uuit yenr iho pilhirs uu llio (Iflli Iovi>l crushed und tho uiiiio ctwcd, so 
Uuil at tho limo of visit (ui tlic sumirior of lOO!)} luily siiudl porlioiis of llio workings iibo\'(i the 
yixih h'vol wofo aco*»ssibK>. Snioo lOuS a mudiliod form oi tho cii\-iii<::systoui luis boon ndoptod, 
mul it is believed i>y tho <-omp!Ui3" tli:i< 'i hirgo poroonJnj^o nf tho ore in tho CMvod iireu run ho 
oxtnictcd, lhouj;:h tliis oio will luTOsstirily bo lui.sod wiih wnste !ind ooiisoquoiiily nf lower 
grade thun thnl. previously minpd. Tlio siirl'Meo hiis been stripped njid an attempt was luiido 
to mine the oro by the use. of a stofiin shovol. Soiiio ore wns oKtrncled in this manner, but imioli 
of if. jirovo<l to be too hard for tho, successful employment of this methud and il was diseontimiod. 

R. P. Jonnint^s, in a roporf to tlio eompuny (hited ^[ay 24, I'JOil, mado the foDowin^rt'stiniiil.e 
of ore: ', 

F.slifiuih of uri' in Cuctvi i"in<\ 



Tonit. 



Ons tn sWU .--.....' l,l»T,iM 

|*an)? lUwkjiwl Mill prf>1»Til« on pirilT e-xpjwi |ty ^urfacowtti-nipaiin ilpvoJope.! en -HlOnnd SOU fitul teteit . ,.,. I,iun,<iui 

riflfrfluvoloix^lurR - l.nao.iwi 

P«Mll>l(>urv, .ti)t reel ill kuicth uriui')i'vr<1a|>ci1 ivniioty mi ibwi'it oml irfOuciui untimu. I 






I. It 



Xo attemjJl w;is miule in the stud>' of the mine hy (he writer (n delermino lUe iiiiioLinl or 
itveniiio prado of the ore. 

TliH foUowitig fltatomcnt, lakpu from the roport of W. \a^o Meidenrcieh, fjonenvl niuiiaser 
of l\\Q South lUadi iliucs & Smeltery Co., dated Aiii,nisf |0, 1912, pvos the prodijotion fr(mi 
Scptemlnir I, 19111, to .hmc 30, 1512. This added to tlic ahovo figures of production i^iw^ iho 
totid output of llic miiK*: 

Dry luiwi.TcmUW -. - i2«,Ulr2 

Avcrigt' per cent copper - i . l JS 

PoundM ot etippcr iix had* !', * 27, iVi 

Dry Uiiiflcuiieenlratosffhipped .'H.Otil.JM 

A venige per cout copper *■ ■>'*^ 

Ounix-.saitverper tiiii -- ^■'■■^^ 

Ounces gold per tnu ■ **■ •*'"** 

Average pyrrent mtn ■ ■ - _ J^-^ 

Pmmil.H \A copjwr in cnncenlralcs • ■ ■ '^•J'*''J'f'l 

Ouncfi' ai^-er ill ctmcenlratat ^Vj^it-T 

Oimteu gold in concent ntiw '''' ^^-- 'j^ 

Dry I'liiw ^ni<le oroshippfU 

Avenme per cent '■^■pper ^'^^^ 

Ounces aiJver pc (na o'oaii-.i 

Ounces gi»k<l pir Ion ^ j.^ 

Average percent in-n. 17-i 8.MI 

PouBda of ct.pper in enido yre ^^^^'^ ^^ 

Ouncoa silvLTin cTii(Io<'re 'm ■;]■> 

Oun.x-Hgi>M iii crude ure 

X'rtt Hmelier rctum.-*: .^^ -2; ^ m 

Timnda copper ■ ' '2,W). llfll 

Ounces g«ild .".. K^.fJDL 71 

Ounces silver ■ _ 

f;,v..»i« nf the ore roservos on I he date ol ins report »re ^iven in 
ThCi pcncral manii^or s estun;Uc& oi me uu 

tho following fpiotatiou: 
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Owin^' U. tlie iVt that to«> imich w.i^- oxpertwl oi ihe Ini^e cavov iin ihc CM, 004. snJ 700 ievolf*. Hie mine lias little 
orereMorvudcvoldfHM!. 'rhr~^ (-.ivo>«.-..ntain at prw<-nl :ihi>ii( («t().fKi() ions m' ].(i pcTcciit ure. hut tlio vaMo LsMiixinB 
with thin fir<? IdHiich imev.eni i-s i.j pnihably canN? Lhf Iiv<i-of th-- sre^ler pan. of it. Tliia tnana^*^ '■f>nsi^!a inainlv <,f 
agrwU number i.f bif,' pillAn* left bvlw^pii iiived rvr woj-l.- fillf.l p(|Tii.rf 3el slopes. ■ Noue of Ihif ore ia vLnble or arcct- 
piblo, anrl tliftre is mt ■way nf li-f crliuniiiR when ihe wa«tc will make the <th in the fiivci* ton Inw jjrailc to ruino. I 
bcli(.'VPth:i'. wi'Rmret^>vcrfj-nmlhe(>Mpir!:"iliioinin*'. above the THOliiVpI. :ibn»(. 1(10,(1(10 (<iiif niiiainii 1 per c^^m fv.p. 
periirbfllur, bill the intnnii-iiiini re^'arfli"? this ore is nni. ilpfiiiiin iiiousjl! loHlriftly rla*:?ify il. .ij.in tiro rpser\c. 

Bciwwn the 7im> fiiul SOO levels iho niiiiji ore h"ily funtJiiiiA SlOjOOO tm^ .if I 5 per ront urr. Ti'i jK^r rc-r.L nf >.rhic^ 
■will hBhrrikftn m ihc^^Uiprsand Iho reinainileiravfld. The FrrMirli ore l>fnly 'htitiveou I ho 700 aiul (i(j(» Icvi-l^rfmlaiftj 
15,000 t'liirtof 1.40 per foutdro, itf whifh 1.000 Umn t» iit. presenl lirnktin in the Plopes. 

Tho N'", 2 Freiifh m-f body i,-; tho inn!''- |>nifiiisiiig (iinl ni ihe year. Thin hiMiy hft'^ been op^'n^d .in llif f;of) Ipvol 
fcira length nf 12.') foet lunl u widlh (if i;*^ fopi ,\h yi't. thenrp bt<ly h:»s not been rosv-hed nn ari\- nthpi- Imy-I, but wo 
.ip» d^ii■|ill^' Liwanl i( on ilio .inO iind IWO !«tv*^b This h:)dy exiendw in an otwl and w-.-ii dii-erlii.ii jiiid milv rhe s<jiith 
wall hai Ijtvn fruim!. The main wcjrt ilpvehipinf nl ilriil and the north rross-nt tire h<ith in urc ai'omfring 1 SO percent 
ThiHiij-o i- in virgin i;.'otint! in ihe M;rfare and if it;* do\eliipmeiit im tlie niher levels in a?' favoiahle ft,-, mi ihc eco level 
ii R'ill bfl n biiit a^vi In the muie. At prc^nt ctifh fuut of htiphl pruved in thin nre bff^iy mwins a rewrvc of i S50 
U>w. Tliifl ure b<>dy aveni^ps, inchidUin a hiineh of Ifvc grade in the cemw, a little better ihan 1 per cfnl of rnnner 

The French t,m bii'iy Iwween the 700 niui 800 loveN hv''4 n»t K-cn rca;-hed hut will prtjbnhly ronlain ahnut 90 OlH) 
^* InnH. Tho biy iron tm: bmly, whiih was t-f grxtd prnilo on the -UiO nnd llM) 'ic\eb: but loo imv j,'rade ou the .300, tOU 

and 700 IcvcN. will pnibably make ore between ihe 700 nml SOO levelb. T!ie 700 level f.hinvy up coiittidemblv better 
thtui the fJlJO level. 

Tlio ]iiiiin urc- bihdy, whirh nmuiined gf^nd ore fnun i !.c U)il l(^^ el I'l ihe piirface, unll probably prove disipiujinlin" 
on (he ilDO level. Sn lu,raa opened onlliiii level the ore isaiiall m ;^ize and ol luw ymde, 

(ictHoijij. -T'hTles XXXI ami XXXlI, showiiip the, Keolo{)r\' of the Cncl-us miju-. Jinvc been 
in l!ii"j;o pjirt tiikoii fiimi (ho compmiy's mtips, as it, wns possible to soo oni^- ii small iJortiun cif 
tlio woi*kin*}:s abovo ihc (HKi-foot Uivcl nl. liui timo (he writer niatlt; his st.utly of Un- mint-. The 
6(}0~fini(. h'vcl and iJiosr. bt'iow were accessible, iitid the goolu^r^j- foj- those levclf^ was stmlicd by 
tlio writrr. 

The Ciirtus ore zutie lies onlivftiy within tht> raonzoiiitc. It is a rnthor irre^ihtr stockwnrk 
havin;T u fr(.n.'.i-nl iiorlhwrst-.suiilhcG*t trnirl an*t iienriy vofUral dip, so far as shown bv prosciit 
devolopmoiits in which the rut-k has snircfod brecciatioii, altei-alion, and mineralizalion. Tliis 
bivrrialetl rock extendi fr.-m tlio Kew Yriir's claim of tho Blackbirri CV). ni the wr-st lo tho 
Co]iiot. clnim of th,> Xovndii-l.llnh Co. at ihe east, n dislr.ncc of ,iboiit 2,700 feet Korthwosl. of 
tho Xow Year's fliiini ihc monzcmile is roTpred with flast- for a short dist,,mcc u.ul thr z*)tip can 
not bo Iranui beyon.i this flo»t. To thn «oiithfa«t thp mnnzonitc at, sovej-al pouUs hns been 
consulcrably aliorod but it was not found ix>8siblo to tr-u-c the zone definitely lo the soiilho.ist 
or oust, beyond the Compt claim. 

'""• g'-"--'^! strike of H.e or,- xon. is „bo.,l X. 55° W. K i« not uuiforn. throughout, the 
length of t.l,e ...me howover. In th. orslcrn p.rl it is about N'. B5° W.i in Uie western part, it 
,s .,pp.m,m.t<. y Y JO" W. Abet 1,300 f^l of tl,i. zone, is incltidod in the Gu't,,.. properly. 

Out.uo .'f l>o nu«n or.., .on,, thoro arc sailor bodies of altere<l an.l niinoralizo.l rock, 

•, f^:. ^; i f^. "u " '■"""' "'"'■'' " ''""■-'■"'^•' f'"'" "^^ '"'^'" »«« -t tho .nrfaee bv .bout 
;L . 1 ™ t • "'■' T'T"""'- '^■'''"" "'« '»'^'" -"«> "'■-■■ ''l"''k« of eomparatiYoly 

the highly al,..rod r„ Ic of tlu- 'u ' ■« !■ in i ? T\ r""'''""'' "' ^'^*' ^"■"" ^■'"•"' ' "■^'■'''' 




Ihiiu in the upper levek lunl i>nnf^;.i .■ .. """^ "'^" f.\iiuncu ujuu !.-« ■""-• 

PIK .u,a .onta„,s pracUcUly no u.imie.l opoiuiigs; the ore n,merd. have 
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the. main mass, su.cirosts (hat this was u zone of wonkiipss into whicli tlio porUons of (ho nm^anii 
his(, (o solidil'y could bo forced, ajuf such a zonp of weiikncs.; would ho likely to bo afiVed'd by 
s|i<,dit movenicnt.s brouj;hL about by shrmkago juul atljustnient in (lie coo|in<: nuiss, resulting in 
the broteiation of (he rock. 

Faults arc ftbiindant- within (lio ore zoup, but, its already stated, they can not be trawd out- 
side of this zone. The faults witliin tlie ore zoiu^ do not show a donuiinnt direction, and, more- 
over, indivi<luul faults apparently die out even within (he zone, (hou;:h some, such jus the one 
that limits; the ore shoot on llie east on the fifth, sixtli, iind seventh levels, can be traced for 
sevenil hundred feet. The fact that the laulls have Jio donujnmt direction and eiui not he 
traced oulhide of the inunediut* zone indicates that they arc slips resnltinp in slii^iit d!si>|jieen>ent. 
The cause lor .-ueli f;uiUs is probabl}' the same as that prodiieinG; the brecciation, the larj^or 
i!,djus( merits resulting: in sli<;-iit movements alon^ certain phine^i of weakness. 

The chief importance of the faults lies in the fact (hut the crusliinjr ol" tlie roek alon^ these 
lines of movemejit \\i\& resulted in (lie fornnition of ;:auges of a elftyey, imjx-rvions materia! that 
has had an influeiu-e on (lie cirenlation ol' the ore-hi^urini; solutiojis. These jfOU{»ey rmige in 
thickness from a fraction of an ijudi to 'J or ;j feut. They are fwnul in flJI parts o! the ore zone 
and (he crushing that producexi them appears to liave been in pro^rc^s throujjhout jiinl after 
the ]>criod of ore depositioji, a^ shown by the fact tlnit sonu> of tlie j|rou};es contain little O]- no 
ore mineral, whereas others are comjiosetl essentially of ci-u-slio.! ore. 

In the erossciit near the west end of tho. sixth U'vel a block oJ' f^lijjlilly ullered nionzonitc 
is bounded on the north unci south by faults eontaijiiiu^ lieavy goujres. These ^oui^es hitve 
been but ylifjhtly mineralized, and in the southern fiudt especially (lie mineralizadon is noxt 
to the ore. The gouf^es were apparently formed previous to the mineralization, thou<:ili there 
has been slij^lit movement alon.f; them sijiee mineralization, which has crushed some ol the ore 
near the fault. There is a little mineraliEation cast of tlie fault tliat limits t!ie ore body 
to the oast on the SL\th and seventli leveU. and tlie j^ouga is composed of crushed monzonite 
thjit ha<l been sorieitixed and slightly mineralized. Here the linuting of the ore body is doubt- 
less due to two influences — the massive ch!U'ae(er of the nionzonite, which prevented free en-- 
cuktion of solutions iji tlie early stajres of mineralization, and subsequent to the faulting' the 
goni;e has still further prevented circulation to the east. 

It i^hould be noted here that where the monzonite hu.s not been hii^ddy brecciated but 
remains iji massive blocks the niineralizmj^ solution.^ iuwe not peuetratcd to any considerable 
distance from fissures, even where no gouge is pre^^ent. This is evident at nuuiy points on the 
soutli Willi of the ore i^one but \< especially well shown in a slope about 120 feet southeast of 
the I^onch shaft on tlio 200-fool level, where a massive block of nionzonite, fully ir^ feet in 
di'imeter, is embedded in ore but .shows mineralization only "long joint planes, though it is not 

proteete<l by gouge. . , . , ■ . .■ i ■ 

The movement and formation of gouges at different tunes during the period ol ore deposi- 
tion may ahso have e.Kertcd an important influence on the varying character of the nnncrahzatioji 
in diiferent parts of the r.iine, as is sho\vn nn page 121. ,,,-,., 

mnsmUmj.—ThG mineralogy of the Cactus ore zone has been described m detad in the 
section on ore deposits (p. 119) and neeJ bo only summarized licre. The r>rmeipal prunary 
metallic minerals are p^-^ite, ohalcopn'ite, and hematite, with small amounts of tetrahe.lr.te, 
bornite, galena, and eosalite. The important gangno mineral, are sern-.te quartz, tonrmalme, 
siderite, auhydrite, and burite, witli sm.xil amount, of rutile and ajmtito. Tlieso mmeruls have 
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hM^n formG.[ ov<u- a co.-i Jorable i>.t1o«1 of lime nn.i under .on.ewl-.fit aidcrent con.liuons, and 




01 tin.' iWA-vU-X nml tlio fuct Lluit the (lc|H)si(. is open nnd oilers lillle resisttinve t.i the ]>«SAa«,'e 
ot .solut.inns. It wi\^ not found ])Os-^ihio to dotermino the exiict dci)t]i tfj wldch oxidntiou lias 
cxlrruled below the <jri<^in«l sui-faco. Ah.j vr- the prost-nt. liin ol ihe ^outli t^dory hole tlio lieniftti'x^ 
iin<i siderile Imvo hfen entirely altered to linionite or a itnxtiire of hydrnled iron and mtinganpse 
oxides, and tlio stilnhide?. luive been Uirj^'oly altered, thoiii^h here iind there a kernel of ohaU'o 
ii>Tito still romiduH sumnnuled l]y linimnte. Pseudomorplii. of hnionite ufLer p^Tite anil sidwiie 
urn very i-otiiir.i.m. The lunonite .siirroundin;; kernels of ehuleopyrite is hotryoidnl, and In 
nmnv iiliiees lirnonitc of this oiuinteter lines c:tvitie-s. Maljieldtc is spariui^ly present. Six feet 
hel()\v the rim ot the glory hole, probably ubouL 41} led below the mitural surfure, Hnnonite is 
present only in subordinate amouiit-s, but hematite is very ulMUnlftnt, toj^ether with some 
aiderito. On the I0(l-lout level lirnonitc wai* not hnuul, and hematite i-s less ahnndunt tlmn near 
the sLivr'iU'O. Jlonuit-ite is iilso niurh less idiiiuda.nl. lower in the nuue than in the ,t;lory iiole. 
Sldorite and heiniitite are ahunthiiit on tlie dmnj) from the Comet tunnel, tUou^lt their relation 
to tUe, rsurfiiec was not deternuned. Tlu'v were found, however, at no groat dcpt.h below the 
surfuro. The chanf^e from hematite with eoiuparutiveJy little si<lcrite in the upper ]>ftrt of the 
f^liuy bole losiderite wit.h viTynuiclilfss hematite on the U)t)-foot level strongly sugf;;este(; surfnce 
idfiM'ation, tito sidoi-ite hoiu^ tii'st aJtercd to hematite and later to linionite. ilierost-opio study, 
however, shows that ineveryspccir.ienoxuniinotl where- hemntiu^* and yideritcure present together 
l.hn liemalile was formed (irst. It appears, tiieroforc, tlir.t in the original depositi<>n, for wriio 
i-eiison iutt tloteriniiRHl, henuitito formed more aliur.diintly at thi>' level than at .t;;reator deptti. 
The siderite nllei's to the hydrous oxides more reiulily than the hematite. Maliu'hito is prac- 
tiertlly ahf^eiit on the lOO-foot level and probably Inis not formed hblow the lirnonitc zone, 
eerhiiiily not in noy e.onsi<k>rahle iimouuts. \ntivo copper is also rciK>rtod from the xone of 
oxidation, tluni';h none whs observed by the writer. 

vSeeondnry sulphides arc alnwst entirely absent. A littb eovellito coating ehalcopyrite 
was oUservod in one specimen rroni the first level. Mahichito was i\ho assoeiated with' Uie 
covi41il.r.. Siune letraliedrite in the de(K>sit may he sceondari.', thongli that observer! l>y tlie 
writer WHS priniiiry. Chaleoeite was notobsen^ed hi the mine." A littlopyrite and ehaloop\Tite 
in Hlnlll^t miei-o^K-opie crystnb, dejxtsiled on the oflrlicr siUi^udes. were observed in speeimens 
frojn lb.' (irst level. U i^ certaiu tluit prnetieidly no sulphide enriciinient has taken plaee in 
the mine, , 

Ore .<i//o/.r- The ore shoot developed in the Caetus p-ouiul has a muxiniura length &hf,d;tly 
exrer.liii;; 700 frt-t and « maximum width of about 200 le<.t, (hough the avera-'c width is eon- 
siderably Ic^-*. The dimnisi^m of the ore body as develoi)ed on tlu> several levels cftii be bo^t 
uude,>3tood by i-eferenec to Plates XXXI and XXXII. fa the upper levels the major part of 
Iho me » m the western i>ortiou of the developed -round, but in the lower levels the greatest 
( evelopmoiit w in the eastern portion. The ore in the lower levels Ls also slightly farther Lo 

ho north, ffivniif the ore shoot as developed a steep pitoh apparentlv to the northeast. That 
the or. shoot i>Uch.^ steeply to the north there U no doubt; the eastward j-iteh. lunvcver, may 
tl L i'l!f "■''I ■ u: ^^*^''^«"''.^ ^'«^"- K"'">H^ i" 'he west ends of Jhe lower drills, but 

I e ore- if n, ^ ' ^"''^'''' ""'' '^ *"'"'''^^'* '^^^"^^^ ^^ '^'^ <^^'- ^^'^^^l- ^^ithin the limits of 

ealte n tT tT T '>;' »'^^^<>^'^_.Woel« of barret, Kn'Otntd. The large.st of. tho.e i. thM in the 
c^t.rn p.ut of tbo shoot, extending from the stufaeo to and below the 300-foot level, though 
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ihls block contHins a snuill amount of oi-f on nnd nbovc the tl\ird level. At the time of vlsil- it 
wns impossible to soo (lie rolutinns of this block to flu- sun-oiinduig ore underground. An shown 
on the compfliiy's map, liowover, it is bonndod on tt\o east ami west by Umita, and its vertical 
extent Ls liinitt'd by a nearly horizontal fault ut ubout the eijj^hth lloor above the fourth level. 
The writer was umiblc to verify this structm-e except as to t!\e fault forming the western bound- 
ary, which was eNi)t>scd in the glory hole. The roeU within this block, so far ay could be ju(i>;ed 
from the surface, hns been highly sericitized. but does not contain iinportiml amounts of tour- 
maline or tlie later gnn}:;ue muierals. 

The block of barren ;y:ro\md exposed in tlie north drift in the w.'st end of the sixth level is 
separated from the nuneralized ground by faults with prominent i;ouges. Olhcr portions of 
the deposit show strong sericitizatiou and abundant, tounnitliue, but carry only relatively- 
small amounts of sulphides. A good mslancx; of such a portion is that in the extreme south- 
western part of the ihu'd level. It could not be demonstrated that fiiults separated liiis low- 
gi-ade miuerulizcd gi-ound from the ore. Other blocks of slightly altered rock are certainly not 
bouuded by faults, but the mineralization shows a gradation, usually rather rapid, from ore 
to barren and slightly altered rock. 

From the observations above recorded, there appeai-s to be a close eonncction between the 
character of tiic different blocks of barren ground and the difVerent periods of minora liziit ion. 
Blocks of ground tluit were siirroimded by faults and gouges before muieralization began. »s that; 
on the sixth level already meutioncd, liavesulfcrcd little alteration. Where movement took ph»ce 
after the period of serieitization was well advanced and beloro tourmaline was dcpitsited in 
large amounts, tlio eon<!itions are shuilar to those in (lie largo block in the cfistern portion on 
the upper levels. Where movement took place after the deposition of tianmaline but beibro 
that of the httor luhierals, the ore-bearing solutions might well be diverte^l and jtrodueo such 
conditions iis are iound in the soulhwestern portion of tlio tlunl level. 

That there wore slight ntovements within the are j;one during the jjcriod of ore dt^position 
appcare certfun. It does not seem likely that sucJi ])l!ini'3 of ntnvciueal, w(mld entirely inchwe 
a block of ground. It is not. ncc-cssary, liowover, to assume that a block was entirely sur- 
rounded by slips, as a slight movement in but one iihine miglu close an ore channel leading 
into a certain block and thus practically stop mmerrtiization in that dii-eclion. 

Canct/iitraling and ^mfUing ore.— The ores of the mine may iw elassilied commercialK' as 
smelting and concrntratiug ores, the latter being by far the more abundant. The principal shoot 
of high-grade ore de\'eloi>cd previous to the summer of llXtU was present m the i-astern portion 
of the property near the north wall of the ore body. This shoot was about HU b}- oO feet in size 
on the fourth level and continued to the sixth level with some variation in duncitsiuiis at dilVer- 
ont ponds. A much snuiller slioot was ]>resent. in the eastern jiart of the miim about midway 
between the footwall and hanghig wall, extending above nnd below tiie ."jOO-fool Icvoi. This 
portion of tlie mine was not accessible at the lime of visit, and the following statt'incnU are 
based on information obtained from various sources and are bclievetl to be reliable, though the 
writer was unable to verify them. 

Chalcop>Tite formed a large part of much of the ore, birgc masses bohig almost. ))ure chal- 
copjTite. Tht- gangue minerals were siderite, anhydrite, g)q)sum, and barito. Galena wu.s nlsu 
present in snuiU amounts. Tourmaline, specularitc, snd qunrtz are relatively rare and are 
probablv associated with incliuied fragments of altered inonzonite. The ore on the sill floor of 
the four'th level is stated by the eom[mny to have averaged IS per cent of coj)per, and mdividual 
assays showed as high as 30 per cent. . . , . 

The above statements, a part of which the writer was able to verify by exammation ot s]>ch:i- 
mens, indicate with little doubt that this ore Is essentially the same as that deposited during the 
later period in the small iissures, and the unusual riehno^^of the on. m tlu. ugh-grade shoots 
may be attributed to unusually favorable conditions for the cii^ulation ot solutions during the 
closing part of the period of ore depositinn. , , ■ 

The oncentrating ores which have furnished the greater part of the on put of the mine 
vary consi.lernbly in character at, different levels. In the upper levels tlu- sulphides, together 
73363°— No. SO— 13 12 
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with the "an-ue minerals, havo been formed inigely in the open spnocs between the breccin 
fri:-menfs"flnd in lelativelv Ittv^o masses. In tho lower Icvols the sulphi<!cs are nmcli more 
eemT.ilIy disseinmafed in sinall {.-rains llirnuKl^ <he altered monzunitc. Ore of this character 
requires much finer -rindin- to Ircn the sulphides from llie ^angiie than the ore in the upper 
levels. This difference in t!io ore required iinporltint chauges m Mie ludling pracUco m order to 
make satisfactory recovery possible. r i £• . 

The avera}(o rocoveiy iVorn both concentrating and smelfing ore for the tisc&l year ending 
June 30, 190S, as shown by the aimpany's report, was 2.02 per cent of copper, with 0.0097 ounce 
of gold and 0.276 ounce of silver to the ton. 

The zone of oxidiiwd ore is very shallow and the ore usually too low m grade to be shipped 
l>rofitablv. It is only very near the surface that the elndcopyrite has been coraplef ely altered to 
carbonates. In the lower i)art of the oxidized zone much of the copper is still present as chalco- 
pyrite, though the iron sulphide hay been alt^rexl to hydrous oxides. 

BEAVEli CAEBOXATE MINE. 

Locatif/7i: — The Beaver Carbonate mine is located about 1 } miles northwest of Frisco, at an 
elevation of 6,750 feet. The property consists of a group of 11 claims and fractions. The 
principal developments have been made in the Carbonate and Rattler claims. 

IlisUinj. — Tho Carbonate mine was discovered in the fall of 1878. In the following February 
it wtus sold to Campbell, Burke & Donaldson for S10,000. After a shaft had been sunk to a depth 
of 312 feet it was sold to the Frisco Mming & Smelting Co. in September, 1879, for 8150,000. 
Soon after^va^d the Rattier mine was opened and the property was an active producer till ISSo, 
when it was closed. It remained inactive until 190S, when ft new shaft was sunk to the 700-foot 
level and considerable development work done. 

During the curly operations the product was reduced to buihon at the works of the Frisco 
i-Iining & Smelting Co. at Frisco, which also treated ores from the Horn Silver and Cave mines, 
On the closing of this plant, in lSS-1, the output went to the valley smoltci-s near Salt Lake City. 
Most of the ore was of concentrating grade and was milled at a plajit near the mine. The con- 
centrates pvodueed had an average assay value of 43.63 pei- cent of lend and 94.09 ounces of 
silver to the ton. The eavirig in this pUnt w^as not very high, as the tailings stiU contain con- 
siderable mineral. In 1909 a small plant with two Wilfley tables was operated for a short time 
on the old tailings, but tliis did not prove to be profitable and operations ceased. 

The subjomed table shows the known production of the mine. No record of the amount 
of ore treated by the mill is available, but the production of lead and silver as recorded is believed 
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Vt'dfrgrounddevfhpjiunts. — ^Xd uccurulo map or 
complete (le^>cri|>tion of tlie enrly \voi'kinj?s ims boon 
ol)tainc(I by tlic writer, but a sketch ir.np of t!u> old 
Onrbonnlo workin<:^ and a report bv Joshua E. Clav- 
ton, m which the dcveloprnpiits to June I', 1SS2, rtre 
briefly dcsorihcil, were furnislicH by Mr. Bonjiuiiin 
Hampton. A report on tlio KiUlicr mine, dnicd 
^Nfiirch 2tj, iRSn, by John Hays Hammond, bncdv 
doscribcs the workings in limt mine, but the map 
thtit accompanied the report was not nvaihible. 

Accordinj;^ to the (hitn at- hand, the Carbonate 
mino wns fii-st lU'vehipod by an hichne sunk iit an 
uiiglc of about 4.j° whicli followed the ovo for about 
GO feet. A verticid sluift was then sunk to u depth 
of 144 feet and continued on an incline of nbout S0° 
to ft depth of GS7 feet. Eiglit levels were oijencd n( 
tibout (he followijii; depths. Fii-st level, at 50 feet; 
drift extended east 30 feet and west 60 feet. Second 
level, at 135 feet; drift east 60 feet ami west 130 feet. 
Third level, at IS7 feet; drift east 150 feet, west 75 
feet. Fourth level, at 287 feet; drift cast ;iOO feet, 
west 75 feet. Fifth level, at 347 feet; <lrifl eust 60 
feet, west 60 feet. Sixth level, at 447 feet; drift east 
75 feet, west 40 feet. Seventh level, at 547 feet; 
drift cast 20 feet, west 40 feet. Kiglith level, at 647 
feet; drift west 40 feet. A sump extended 40 feet 
below the eighth level. 

In the u]>pcr levels the i>rineipal ore shoot was 
east of the shaft, the stojie extending to about the 
fourth level. In the lower levels the ]>rincipfil shuot 
wa.s west of the shaft and was folh)Wcd from a point 
above the fourth level to the eij^hth level. The ore 
shoot is reported by (.'layton to have been about 50 
feet long at (he surface; on the second level it ex- 
ceeded 100 feet in length. The width varied from 3 
to 20 feet. 

At the time of Hammond's exflmination the 
Rattler mine had been opened to the eijihth level, 
but as the map that nccor>ipanied his report could 
not be obtained it is not possible to give tJic amount 
of development on the several levels. 

In tlie ]irescnt workint^ a double-compartment 
shaft has boon sunk to the 700-foot level. At a depth 
of 250 feet n crosscut has been run sontli about .135 
feet. At a depth of 350 feet a crosscut is extended 
to the vein and a drift run toward the ohl Carbonate 
workings for a ilistaiiee of about 150 feet. At the 
seventh level a (h'ift has been run along the vein for 
about 700 fe«t to the east and about 250 feet to the 
west. Along the east drift the vein has been cm-ss- 
cnt at several points, as shown by ti»o accompanying 
map of the level (fig. 10), 
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Oeoloffic /v^-aC^ns.— TiiQ oro occur-^- in ji nssiue in Mie vuicMnic locks.. At tho surface and 
on the 7nO-r.)r,t level of the new workings Mu' mok is .similar to liie quiirtz Intito of tiuj vicinity 
dcj^oribcd <tn imfTo 44. It is n duik sriot'iu^h-gmy roek, coiitainitin; ainin.lant erystuls of 
fehlspiir and biotite. For tlic most part it is tuOamtiis in charMCtcr, coutaiiiiiig i)el,bles 
and Iiowldor.-^ of varying size in a matiix ot line material. East of the mine, in Carbouato 
Gulch, tiic rlivolite tulT crops out, and tJie dump at the Rattler sluil't indicates that tins rock 
wu"^ eiKMrnnlcrcd underground. Tlic fissure in wiiich tho ore occui-s, as fojlowwl on the 700- 
foot level, trends X. .Sfi" K., ami the grftatest width of the mineralized zone, hounded by slips that 
are suj)i)o^e4i [u ]n: flie walls of the fi.ssure, Ls about GO feet. Tho dip is steep to the north, but 
iho present developniontM do ju>t furni'-h data for determining the exact augie. 

Accortling t<> the Clayton report, the vein in the Curbonatc mine had a "|;enoral course 
of N. 70' K. and S. 7U' W. (magnetic)," and the dip varied from 70° iV. to nearly vertical, tho 
general dip being SO'' N. The ITammond report on the HattkM- mine states: 

Tliu vein luifl nn ftvi<T«g<! iKriko (*r cimrao twi Uki lor<T Icvi-U (lakiup ihu iianijiiiK ^vaU as an index) of 23" poutli 
of vt-vL Tlw dip <tr iii[<-li of thf voin i" lo the norlh, iirnl bcliTfCU ihe sixlh and *-v<.tM1i lovcla, a vtTlical disrx4.nce 
ijf IDO feet, I'.w liKiiRinp w:itl truvoli 10 icQl Vt i1k' yiorlli, niiia'ith.sUiKli[ig llie fact that Ihe walls on Ihce-' levela appear 
r.loKwL viTUi,iil. Tl-.w is a dipirf" iiwrly Wt' nuiisnn-d from Ihe huri/onul. 

On rwIucinfT the miigriotic readings to true readings we have tho following directions o^ 
determined in the three workings: Kiittler, i\. SG"" K.; Carbonate, N. S6° E. ; new wo^king^^, 
N. S")' K, The dij) in bntli of tho old workings is approximately SO*' N., and that in the new 
workings, thougti not definitely determinable, as most of the work is on one level, appean? to 
he about ihosame. 

Tlio available rlata concerning tlio position of the old workings are too few to make it 
possiltlc to construct a jdan showing tlie position of the veiji at the dlO'erout ])ointi;. From 
thi) descriptions, however, it seems that there must be a fault between tlio east end of the new 
workings and tiio old Rattler workings, throwing Uio portion on tho oast of the fault relatively 
to the siuilh, or clso the Kattler workings wore ilevcloped on a didcrcnt vein. The Rattler 
report sjioaks of strong gouges in the west end of the drift which bounded tlic ore, and these 
were thought by Ilmnmond to represent a fault. 

The suppiwcd Footwall and hanging wall are slips showing pronounced slickeosiding and 
Usually a heavy gouge foinicd by the vock ground up by the movement. Betwer.^n tl'.eso walU, 
hinvever, Ihero aro t-lips and gouges nearly or qnite fts prominent as those hounding it, and 
some exploration boyond these walls seems necessary Iwfore it can b© eonclusively stated 
that they limit tho ore dojKwit. In the new workings the greatest widtii of tho ore zone as 
shown by erosscut.s is 60 feet, l)ut the width varies from place to jdaco. In the east end nf 
tho woi kings, wl\ich was not examined by the writer, the zone is said to be narrower but to 
curry better values. According lo tho Clayton report, the width of the "ore channel" in 
tiic (Carbonate mine vuricd from 50 to SO feet. Hammomi states that in the Ui)pcr levels of 
the ]{attler mine the "vein" reaches a width of 40 feet. 

'Plie rock williin the ore zoi^c has sutlorcd much crushing and open spaces were formed 
between the fragments, but thore were no hirgn oi>e.n Ks«ure.s. Wliere the movement w;v^ 
greatest tiie n.ek was ground to a gnnge. AViMuu the ore zone the gouge planes have various 
positions and arc not uiumrmJy parallel with tho walls „i the vein 
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crystal contain iiu-Iusior.;- v{ the ore suipliidcs, nsimlly iiccompanietl hy quuriz and m plnces 
by aptititc. TludU.u'lmul tho rock tlimo is n vi^y fini> minoi-!iJ tlmt liHs not boon posiiivdy 
detenaiiK'd, but lias the i,'oncnil Jipi)eiir;'.nco of kiiolinitft. I.(tciilly tlijs insikos up a Ijiiffo pev- 
conttise of the rock. Apmilc is mor« nbinubint in the ore Ihaji in the unultored rock examined 
jind appears to have been introduced with the ore iniiierMs. SmoU crystals of xircon arc idso 
rather abundant h\ llie ore. 

The niiiiernlH fonnini: in the open ^pacos are very fine crystnllino veui quartz Onit lias 
the appearance of chert in the liaud spccinion, tlie ore sulphiiles. imd cak-ifo. These are not 
ail present in all the veins, hut wiiere tlioy tuv. tlio order of dep<jsitton was, iirM. quartz; 
soc^)nd, sulpliides; i-\m\ (liirch caleite. Tho boundary between those niinoriiis, however, is 
not sliarp. Some s-.ilphide was deposited contemporaneously with the quartz, s(tnio eakdte 
with the suJplii(h!s, and even a hltic qu;irtz with th(! cHleite. Where all are present in a vein, 
however, there is ii distinct handins;, tlic quari/ forming on (ho wall, foUowed by the sul])hides, 
and the caleite cry.-iai!i/.in^' hitest, witli well-formed sciikMioiicdral crystals extendint; into 
open vu^s. In addition to the minerals formed in 'Jic open spaces, f:jalena, pyrite, nnu sphalerite 
occur as small j^rains disseminated Ihrout^h the altered rock. 

Ore miritra^is. — Galena, with its content of silver, is (he only ore unuerHl of comnievcial 
unporf aiu'c in the mine. Sphalerite is present in all fl:e ore and hteaily is relatively abundant, 
but no (lata as Ui its average porccnta^c are available. Pyrite is present in small amounts iu all 
the ore. Chalii)]>vrite occui's in tiui ore, but nowhere was it seen in notnblR tijuounts. No 
silver mineral lias beim recos^ni/.ed, iiiul silver is probably present in the galena n« snl])hi(le. No 
antimony or arsenie minerals were i-ecognizod. The yangue consists of quiirtz, culcile, and tho 
minerals composing,' the altereil rock. 

CJi^iradtr of the ore. — Tiie ore may bo divided into two lypes— tlnit lormini; iu open spaces 
and that dissenunute-d through the altered rock. In the fust ty]>e, as ali'Cinly intlicafed, the oj-o 
consists of sulphides in aijanguc, made uj> ]>rincipa]ly of quart/, and raleite. Tlie ore is banded, 
the quartz forniiiig Itrst next la tlie wall, followed by sulpliiiles, and these in turn by ctdrite. 
The quiirtz is absent from some of the ore, in winch the sulphulos ore deposited dLrei-tly or. the 
wall, more rarely the veins consisting of caleilo ahme. A veiy common mode u[ oceurrenco 
of this ore is na an incrustation on the harder bowlders of rock. The oja^n fissures in tln^ workings 
exaniined are all small, and this ore must be minetl with the rttit of tlio vein, so tliat for tlie nuist 
part concentration is necessary. 

In the ore of the second ty|)o the sulphides are present tis srauU grains, dLssenunated through 
and replacing the rock minerals. This ore varies greatly in riclnu^ss; in [d.-tcos a rather high 
percentage of sulphide is present, whereas elsewlLcro there are but scattered grains. 

In mining, tiie ores of both types are stoped logetiier, forridng a concentrating ore. Both 
the rock and tho ore in the vehi are soft, in some places requiring httle "shooting,'' Whea 
exposed on the dump for a short time the ore crumbles to a powder. 

Enrichment. —The secondaiy alteration oi the ore has bct^n very slight. In the two reports 
cited, describing tho Carbonate and Kattler mines, no mention is nimle of oxidized ores ru^nr 
the surface, and so !n.r a.s the writer is aware secondary aheration wius of slight importance. 
On the 7tl0-foot level the only evidence of secondary alteration is the presence of ft litlb^ stain 
of hydrous iron oxides m the ore, no secomhiry lead or zine minerals being seen. 

This absence of secondaiy alterafionismstrlk-ing contrast to the conditions in the Iforn Silver 
mine, where seeomhuy alteration is in process to the lowest levels examined. It is believed to 
be due to the local jn-esence of water very near the surface, because of the miia^rvious gouges 
that prevent its free movement and esc^ape. .Uthougli in the Tlorii Silver nunc Jitlle wafer was 
eueouutered tintil the lower levels were opened, nt l-riscx) water can be obtamod in shallow wells. 
In the summer of 1009 the Kattlcr sliaft w:is nearly filled witii watei- whurh was^beuig piunpcil 
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gouges, and thus tlic watm- level is pnu-li.MiUy at tlio Mirface. This |HftvoiUs clovniVaM riicu- 
lalioii nnd the resuUimt oxidntion of the ores. 

As there has been pnirlir.aUy no sceomliuy alterjition of Iho ore, it is not to be expected 
thut there will he any abrupt cliaaj^o in its general eharacter at grciittjr .lepth. As in the upper 
levels, the ore may bo expected to occui- in irrej;;ulai- shoots, varyini,' gi'eatly in inotal conteat 
from place to place. 

I.MPEIUAL MIXE. 

The Inii)eriid mine, owned by the Nevada-Utah JUne^ & Smelters Corporation, is located 
in Loeber Gulch, northeast ol' the Washington mine. TJie corporation's lands arc partly in the 
quart/, raonzonite area and partly in tiie liniestone. Tiie principal dcvcIoi)mcut work \n\s heea 
done ftlon*^ the contact of tlie.se roi'ks- 

Tlio product of the muie has been muiuly c-opper i>ut includes some gold and silver. Tiie 
lftrj;e&t output was made during the years 1000 and 1907, when tho unusually hig!i price of 
copper made the working oi the unne profitable. 

Tho properly Is developed by a tunnel diiveu eastward along the contact from tho bottom 
of Loeher Gulch for a distance oi" about 1.100 foot. At tho portal of the tunnel a winze has 
been sunk; this was filled witli water at Uie time of visit, Several oro zones in the tunnel have 
been explored by short crossi-ut-^ and shallow winzes. About 300 feet above the main tumiel 
a second tuiniel iuis been driven for si»veral hundred feet along the contact, and at numerous 
ponits, the l)igltpst nearly nt t!ie suuimit of the ridge east of the mine, the contact has been 
explored by short tuimels and open cuts, from most of which ore ]\as been extracted. A shear 
Kono in tho quartz inou/.onite ju^t north of tiie contact near the bottom of the guleU has been 
explored l)y a short tunnel and sliallow winze. 

The Impenal mine is developed in a typical contact deposit, the ore having been formed 
for the most i)art as a repliK^enieut of tho limestone near the quartz raonzonito contact, though 
aulplddos have also been deposited in flie quartz monzonite near tho contact. In fact, the 
exact i>osition of the ct)ntact can not oveiywhere be determined, as there is a gradation from 
tho minerals forming the quartz monzotiite to those fonidng tlie altered limestone. However, 
tho gradation from mck that cuu be positively recognized as quartz monzoriito to that which 
can be determhicd as altered limestone takes ]>lace within a few inches at most. 

Tho piincipiil origiunl uKMuUic miiicrals in the altered limestone are i>)Tito, chtJcopyrito, 
magnetite, and specularito in a gnngue composed of garnet, pyroxene (largely diopside), vesu- 
viiiniic, quartz, epidote, ami residual carbonates. In the altered monzonite tho metallic mhv 
oriiLs are pyrito, chnlcopyrito, and magnetite, and tho gangue inineruls are plagiochise, orthoclase, 
quartz, augito, biotite partly altered to chlorite, and a little epidote and chlorite, i\ie kst two 
minerals being later than the otliow. In the transitioii I'rom the quartz monzonite toward the 
altered limestoue there is a decrease in quartz and feldspar and a corresponding increase in 
tho pyroxene. The pyroxene also clianges from a nearly colorless augitc to a green diopside. 
In the transition from the idtered limestone tow,n-d the quartz monzonite thero ia a decrease in 
garnet, an inerense in diopside, and tho uitroductiou of feldspar, ilagnctitc and diopside are 
more abundant in the iutermodiate zone than in either the altered limt-stono or tho altered 
quartz m(ui/.,mte. In general the magnetite in the qutirtz monzonite and in tho intermediate 
zone oe^mn; n» gram.s nsuaUy showbig i.uporfect crystal form, tliough hero and there it occui-s 
m u-rogular bodies and surronurliug sulphide grains. Near the contact tho altered limestone is 
cut. by voudets composed of quru-tz, orthoclase, plugioelnse, a Uttle angite, and irregular n.asses 
of pyrite, clu^coijyri o and magnetite. Both tho sulphides and the magnetite were later than 
the o her minerals ol these veuUets and the magi^etito was later than the sulphides, in places 

The sulp.dd. were the earUer n^..ds, ^Z ^^^f^J^:^ llZXtS^!!^^ 
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mid in irregulur hrnncluiig miussrs lunon^ Uio earlier eoutaet minenils. Tu soino sections con- 
taining botlv pyrito nnrl i-hak'opvrilo the iron oxides liiivo fornu'd around the chdcopyritc^, 
tliaugh the pyrito is prmf icuHy I'viHi from such deposit. In numy places llic ^euonU iippeiuance 
st.n)U*;ly nuj^'ycst.s ilu- ]>!Uiial vq>iiic-oQinit of the i^ulphidcs by the oxides, hut such rt^pliieomeiit 
was not positively demiULstrntod, and it is bolitn-ed that the nuignetite mid spoeulurito wore 
siiiii)ly (loi)osited nronnd the sulphides. SniaU vv'ms oi mn^netite nnd ai>eeuhirito Lnelosiiig 
sulphides cufr tlie contact miuorcls, showing the same iige rehitloii^ iis at tlio Wushiu^lnri niiue, 
where sulphides iii-e inekksed in inaijuetile nnd spocuhiHte, nnd rtl the Cuprie niino, wlicro mi\i<iuv 
tite veins cut sulphides. (Seo PI, XXXHI, B, p, IS4.) 

So liir as slunvix Ijy piosent ihivelopnicuts. the lieposils of ooiuniorrial iini>oi*tim<M) aro closo 
to the contact, though alonj;; lissures mineralization, ntay extvnd a few score feet from the 



Jinioous roelc. 



Secondary alicration hus not exteudftl li> a great deptli holow tiie ju'Cdent surface, thougli 
it has bccai an importrtut process in producing tho ore thus far extracted. Tlie chai'actorislic 
alte.mfcion. hsis been to carbonates and oxides. yul|>lude enriehiuont has been of sli^lit extent. 
In an open c\it nenr (lie I>!ise of the qnartzite near tlu^ top of tlie ridgu some seeoudtiry liornito 
was observed and chaleocite is reported, theugli none was seen by tho writer. 

Tlio main ore extracted, so fiir as could be ascertained by observation aiul re])orts from tliogo 
in charge of the mine, consisted of a mixture of the red oxide, cuprite; earhonates, largely mida- 
cliitc; and copper ])itoh, a bhick amorphous material wit-Ii brown streak whic.li is probably u 
mixture of hydrous (fxidcs of iron and manganese mid oxide of c.op])er. Tliis material was not 
obtt.iin,ed in sullicient purity to peiTuit u careful doterniu^utiou of its composition and it may 
prove to be a deiiuitc^ mineral species. Native copper is also roj)ort(^d from t.he mine. Tho 
gnnguc minerals consist of hydrovis oxides of iron and tho silieute uunoraL; of the contact /.one. 
The. oro is found but a few feet below liie surface, under a capping of hydrous iron and mangaueso 
oxides containing little copper. 

The depth of the zone of oxidation can not be stated, but in the main tunnel tho ores show 
sHght indication of secondary changes. 

The oxidized ores extracted to the present time have been of sliipping grade, but the 
primary ores thus far developed are or low grade and can not be profitably sliipped under present 
conditions. The hard and hea\y ganguo in wiiich they aro inclosed rondel's them didicult of 
concentration and probably precludes that nuithod of treatment- The liigh iron content of the 
garnet, together with some magnetit-e, probably rendei-s t!u^ ores m-arly self-fluxing, so that they 
could bo smelted iit a reasonably low cost, and if a sufTieient qunutity of ore could be deveJoped 
thifl treatmeiit might be profitably employed for the primary ores. 



WASHINGTON MlNK. 



The Washington mine, ov^Tied by the Cu]>vie ^Uniug Co., is located in Loebcr Gulch, south- 
west of the Imperial mine. It is rei)orted that some high-grade ore obtained nour the surface 
has been shipped from Miis mine, but the ore body wa.s not of large size 

\U incUued shaft has been sunk and considerable es|)lora(ion work done to locate tlie con- 
timmtlon of tlio depo.it at, greater depth. In the snnnuer of It)O0 operations had ceased at the 
property and the workings were not :.ccossihle. so that obs-.-n^alions wore eonhnea to those made 
on fhe surface, in some shallow surface workings, and on the dunii>s rom the deeper workmgs 
From these observations, however, it is possible to state the general charact<.r of l.e nimeral 
oe~^ Tl^o L^^^ is sinular to that at the Cuprie mine (p. 184), except that contact 
silicates are much more abundant. , . . i-.i i- / i 

T,c ,^0 i. at. u co,«ide.ublc di.tanco from llio n.a.u contact oHh.- h.,K.st..u. un,l qu<, tz 

i lie mine prisouc..! of dilics of the intrusive rock anJ tlie 

abundant d-" "P>»»"\fj " '" ™ s f^ ha. heeu lissurc.l by the hih-u.ion of the c,uart,. 
r:::^: ::;:S::^SLi:ent of ore minora. . near the. n.nr.. thoi„h it can not 



184 GEOLOGY AND ORE DEPOSITS OF IHK 3..N FRAXCISCO REGION, UTAH. 

be said to bo confined to them. The. ontiro m«^. c.f tiie Umestono has been altc-rod t,. contact 
^entlH. and sulphido minoraU are present in small amounts where thev do not appear lo be 
closely associated wilh fissures. . r j - •. 

The principal c<nilact minerals present arc tremohtc, gurnet, d.opside, Toau^^amU^ quartz, 
fiuorito chJoritc, and rocrvsluUi/cd carbonates, K.gether .^ith the sulphide nun.rals sphnlerite, 
Eal^a pNTito, and chalcopyrite. The M.lpliides are intimately mWv^nnvn with tho contact 
Bilicatt^ (see PI. XXXIV) and were formed at the same time, snoii Mftcr liie intrusion of the 



quartz morizonit«. 



rtz monzomw. r i . ■ .1 ■ i . , 

So far as cmild ba judged, secondary alteration has been sUglit in this deposit ftn<! has 

extcndod but a abort distance bolow the surfaoo. 



CUl'Rlf MINE. 



The Chiprie or Iron Devil mine, owned by the Cupric Mines Co., is located at the ctist end 
of tlic While M.iuntain ridge, about 2 miles soutiieast of Ncwhoiiae. The mine w.is worked in 
the early days of mining in the district, thesiirfaco ores, which wore high in ii'on, being shipped 
to tho local amoltors as flux. The present company, which is under tho same managoment as 
tho Horn Silver Co,, is developing the mine at greater depth. 

The old workings consist of severid ^-hallow shafts and inclines from which drifts have been 
run. Tho decpcat of thcae old workings are ]'e])orted to be more than 100 feot deep. The 
development in progress during tlwj gummorof 1009 consisted in the sinking of a vertical shaft, 
which ill September had reached a depth of shghily more than 300 feet. It. is reported that 
since that time considerable exploration work haa been done at a deptli of about 32.i feet. 

Tlio mine is neur llio main cont-act of the liine.^tone anil quartz monzonit^i, and dikes and 
irregulnr bodies of tho quartz monzouite are present in the limestone. The intrusion of tho 
igneous rock resulted in the formation of fissures in the hmestone extending in various direc- 
tions anil also in the raotamorpliiam of the limestone and its replacement by ore and ganguc 
rainoraJs. This action was most vigorous along the fissures, "which furnished easy passage for 
tho iiiiuerahzing solutions, and it is in connection with these fissures thnt th(r ores thus fur 
developed occm*. The reck along the fissures has been altered to coarsely crystalline carlmiiatcs 
througli which the ore and ganguc mlnernla are disseminated. Tlie original copper mineral is 
chalcopyrito; associated with tliis. nr'- pyrite, spocularite, magnetite, and the silicate minerals 
musco\'itc, garnet, tremolitc, and diopsido. The contact silicates in this deposit are, however, 
relatively scanty in amount. An interestiag feature about tho occurrence of the magnetite is 
that much of it incloses grains of chalcopyi-ite and has tho general Hi)i)eR.raiK'o of chulcocite 
replacing chalcop^Tite, as in this contact zone in general tho magnetite was in part later 
than tho aulphidca, suiTonnding gi-uina of sulphide and ;filling fissures iii pyrite. (vSeo 

PI. xxxrn, c.) 

^ At the surface and for a coiu^iidorablo depth below the surface the sulphides have been 
entirely altered, tho ore assisting of hydi-ous iron oxides and thi; carbonates of cupper in a 
giiugue of carbonate and silicates. The depth to which this alteration has extended was not 
determined, but the sulphides encountered in tho shaft at about 300 feet below the sui-face 
were entirely unaltered. No indication of a zone of sulphide eurichjuent was observed nor was 
any enndied ore reported from tho mine. 

The ore exposed in the shaft at the time of visit was of good -rade and it is reported that 
9ima..r ore was encountered in tho later developments, though not in commercial quantities. 

KING DAVID MINE. 

of .trni"!?"^'* Mmmg Co, controls a„ exte,«ive group of dabi.s o„ Cnnmpiun HiU west 

o f™ ;T " l^Lr """•. '^ T ^"^ ''"' '»'•' '" *^°"'^'»""' Spring, »boul 5 miles to the north, 
exUMiswe prospcctmg w», mst.Ued. Couaiderable p,.«.peotii>» h«s been .lone on tl'« several 
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IRON OXIDES WITH PYniTE AND CHALCOPYRfTE. 

A, Vein of magnetite in pyr'ne. Peacocl< copper mine; dark areas magiietito; three-fourths 
natural t\za- B, Veins of ifon oxides and sulphldts in cfListied g'arnctizcd lime- 
stone. Imperial mine; (ifjht aTt:3s motallrc minerals; thrci; lourlhs iijTural si:;.?. <\ 
Chilcopyrito and pyrite mcloscd in iron oxide Cupric mine; d.irk ar/.-as sulphide-^, 
fibrous mineral iron oxide which has general structure of htim^tite but is oironfrfy 
magnetic. Enlarged 3 dramsters- 
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CONTACT Ml^ERALS, WASHINGTON MINE. 

.1, Galtna. ffJtriacl. and m^iscoylte replacing limestone; black areas galena, dark-gny areas garnet, lic*^* area to le t 
muScovttiv, mineral s-iowintr cfcnv-vio calcMc Enlarged 20 cti^mi'ter*- B, Galena, garnet, and trc:Tiol to ic- 
platiii'T limoslonu: lif^ht-trray arc.is trcinolile, dark-ffra;^ area^ (^arnel, black spots (arjurs of i>alena' ^i '"'^'' 
frrowtli ol tremolito and -ciQlun.i. |ijj!il afuas ^rojnoliti*. dark aieis galena. EnlaTfred ^ djamolers. 
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claims sincr tlic boi^'inning of niinin^^ in the .li.sfrict, ;^ii.l it is roportotl that sonic ore wns shipped 
in the otirlv (hiys, but tlic amount could not be nseeitiiiiieil 

In tlte Pummci- of 190i) operations consisted in the sinking of the sluift in tiie mxlvh nboiit 
a qunrterof a mile northwest of the Horn Silver uiiue tiiid in driviiiij a tunnel in tlio Oi-ampiwi 
claim (o cut at depth iin Ciis(-wcsl Jissure from which, it is reported, some ricii ore Inid been 
cxlraetcd near the surface. At the time of visit a double-compnrtnient s1iaf( had been sunk to 
a doptli of 440 feet and ^orno cxploriition had been done on Mie 200-foot and ;iOO-foot levels, 
Consulorable adililional development wa.s reporter! from this shaft before operations wero 
discontinued at (he jn-opertv. The tunnel in the Cirampiun claim hilei-sectcd the (issure 
developed at the surface, but little mincndization had been found. 

The cliiims arc located for the most part in tlio limestone, which is cut by dikes of the 
quartz monzonite and has undergone contact alteration. As in other parts of Uii.s zone, the 
bmestono iuis been fissured and the mineralization has taken placo mainly nloiv^ theso fissures. 
The principal niineralizalion was coniemporancwus wUii the iutnision of the quart/, monzo- 
nite. The eft3t-W(>tit faults that displace (ho Horn .'silver fault in the Horn Silver and hidu 
properties extend bito the limestone and there has been some mineralization alori«^ these fault 
planes, though so -far us can be jad3;od from surface indications and developments in tlio Horn 
Silver mine the mineralization has i,)een sli^Jit. The ore eneouiitercd in the workings from tho 
shaft consists principally of pyrile in small lenses in a frunfrue of contact silicate.'* and residual 
oarbonat-es. A little gfllena is present iu small irnuns and iiTegulnr veinlet^ in tJio altered 
limes tone, 

PEACOCK COl'I'KU GllOlV. 

The Peaeook Consolidated Mininj; Co.'s group of cluinis h\ located in the limestone l)etweea 
Loeber Gulch and Marble Oidch. Tlio limestone has been cut by dikes of (he quartz inon/^i- 
nite mid by green porpii>Titic dilves resembliii.E; the basic dikes in the quiirt/. monzonite;. Tho 
intrusion of the quartz monzonite has caused contact alteration in tlio liinestono, eonsistinn; in 
a reer\^ta,lli2ntion of tUo carbonates ond the formation of contact minerals. Mineralization 
has taken place along fiiisures in the hmestone, and galena and s]>halenlc are also present in 
the altered limestone, where theii" nssociation with large fissures is not a])parent, though they 
arc probably associated with snnill (issiu'cs. Sucli minerals were sewn ot the surfiioe, but no 
dovelopnicnt work had been done at tho tune of visit aiul tiieir relation to fissures was Jiot 
determined. 

A shaft Ims been sunk in one of the hiri^er fissures and some diif ting on tlic fssnro is reported. 
The i>ropert3' was idle at. tlie time of visit and the underground worldugis were not examined. 

.MU'HKiAN (/liour. 

Tlie Michigan Gold & Copper Co. controls a group of (daims west of the Imperial group. 
Those claims lie in both the quartz monzonite and ihc Unieatone aiitl contain the contact west 
of the Imperial group. In the summer of 1909 an incLned sluift was being sunk on a fissure 
in the quartz monzonite a short distjinco from the contact. TJie ore minerals of Uie n.-^suro 
consist of pyrite and galena with a little chaleopyrite in u ganguc of quartz luid carbonate. The 
carbonate is Ught bro^TO in color and contaijis considerable iion. These niinevals have been 
deposited in an'' open fissure. Quartz, wliich was the earliest miners)!, projects in well-formed 
crystals from tiio walls of the fissure ui comb stractnre. TJie walls have been !iighl\' silicified 
and mmeralrzed with pvrite. The ore is said (o carry considerable gold, which is unusual for 
this district. Ore iii couimercial quantities had not been devektpcd at tlie time of visit. 

.NEVADA UKAUY I'AY OROUP. 

The Nevada Readv Pay Mining Co. controls a group of elaima on Wliite Mountain and 
m the quartz monzonite north of the mountain. This group includes the western part of the 
limestone ond quartz monzonite cont^ict. A httic prospex^tmg has been done on the contact 
and on fissures iii the liiaestone, but ore in commercial quantities has not bocn disclosed. 
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GOI.DKN UKEF MIN'E. 

The Golden Rcot "roup of .-hiiins Is \ovtiicd on t:u' east Mtle nf Uu; San Francisco Rjinj^p, 
about o miles nearly <luc north of Kri^fo. Tiie olcvalion of tUc tunnel an.i collar of llie shaft 

Is about 7,7r)0 feet. . , ., . ■ . 

Tlio principal development consists of a tunnel driven into tiio mountum for about 1,SOO 
feot and a shaft that In July. 1909, was nearly 200 foot deep. From this sliaftleveb had been 
opened at depths of fiO and 140 feet and a snjuU amount of drifting Imd been dune on each 
level. In addition, tlierc has been some open-cut work and shallow pits have been opened on 

several veins on tlio property. 

A carload of ore was sliippcd from tlic property in lOOO and small shipments had been 

made previous to tlmt date. 

Cnlikc most of tlie dc.i)osit9 of tlic district the nro is valuable eliiefiy for Us gold, rlie lend 
and silver beinj; of rclutively slight im|)ortancc. Tjic ore varies m the content of the difl'eront 
mPtalri. The siliceous oxidized ore is said to carry more than an ounce of i^old to tiie ton. with 
a riithcr low lead content and a little silver; the snlpbtdo ore Is richer in lead but carries less 

gold. 

Tho Golden Reef nuno i^ located near the fault that determines the casteni boundary of 
the San FrancL^.-o Mountain block. West of the fault are the sedinicntnry rocks and east of 
it are the volcanic rocks. The sediments in t]iis pnvi of the range comprise intcrbedded shales, 
calcareous shales, and fine quartzitca at tlic base, overlain by moaslvc white quartzltc several 
hundred feet in thickness, u scries of shaly sliites 40 to 60 feet tliick, and tho massive pink 
qnartzitc (Jial forms ihc upper part of the range. The base of the rani^e is buried in quartzile 
float coming from the higher slopes. 

Bcsidw (ho main Golden Reef fault, winch has thrown the volcanic rocks down against 
the snlimonls, Iherc arc several minor faults striking u little east of nortli, in general parallel 
to the Gohlen Reef fault, which have resulted in only slight movement, but have produced 
zones of brccciation in tlio quart/ito. Data are not avaUtible to determine the extent of move- 
ment along theGoUion Keel faulty but from the general relations it is believed to be considerable. 
Tho movement along the faults in the sediments parallel to the Golden Reef fault has been 
Blight. The tunnel has been driven hi the sliale series for 1,800 feet and crosses several of 
tho breaks that appeiir at Die surface. A'owhere in tlic tunnel is the tlirow of a fault shown to 
bo move than a few feet ami in many faults tlio throw Ls only a few inches. In a few places t!ie 
amojnt of ihvow caa not be dotermiiied definitely, but appears to bo slight. There is also 
aliglU folding iu (he slude strata. These minor faults and folds in the shale are represented 
in tho ovcrlyiiig hiittlc quarlzito by zones of breccialion. Tlie west fault, which appeal's to 
bo the strongest of tlie^c minor north-south faults, l-.as dropped the east side down so that 
the shnly shit^^ are ui contact with the qunrtzite, but the tin-ow is pro'oablv measured by a 
few feet. This fault has not l)een encountered in tin* tunnel. In addltdon to the north-south 
faults, there are sexeral cro:.s fissures that are veprcsenC^d bv breccia zones hi tlio q-jartzite. 
The most prommcnt of ihcso fissures is known as tho Galena and strikes N 00'-6,5^ W. 

Mineralization has taken place iu the breccia zones in the quartzitc along both these sets 
of fissures. The ni.>st extensive ndnerolization thus far encountered is along the Golden Roef 
fault where small bodies of ore have been found hi the qmuizite at depths of 60 and UO foot. 




hrnvvnWh .-.,,1 ,.0..;,. 1 • r ^"''""'" " "''' MLstmctiy uetectGd, and iii one assay tue 

h J eu'i n "^T^T^"^ "^ "'^^'""'"' ^^"■"^^'*> «'^ ^^^^^ ^*'''^™*- The form iu wliich 

gaen T^ for r b Ml ^T" ''""■'■'-'-^- ^^y-^o oceui. h. sn.all anionnts in the 

abundaut, some quartz dq,o^it ^ f -^V J^'migue mh:crals are barito, which is rather 

q uipo^itea ^^nh the ore, a„d uie residual qviurtz grains of the quartzito. 
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The scc.omiarv aKorulion hrts lesultinl priiuipnlly in tho formntion of the lead corbonntc, 
cerusilc, fi'om tho-:;iIcii!i. T!io oro mitior.-ils fUl tiu.' intcrstitiitl spaces lyetwoen Hio brcccin fra^- 
mQixta of the quarlzlte ami snvroimil ami partly lopluco the qimrtzUe grains. So farasdovoloperi, 
the ore is found enlircly witlun the, qmirtxite. Wliciv the volcanic roek is encomitoml in the 
shaft it i.s separated from tlie ore by a VAther stmn«: goiifje. No prospcelliii; has boei\ dime in 
the lava, imdwlxether or nol it carries ore is therefore iml known. It seems probahh^ however, 
that tho quartzite breccia hits Itccn tho onaii^t chaiuu-l for tlu- piussago of llxc ore solutions. 

OTIIKU PROSPECTS IX TUfc: I.AV.V. 

ProspectinfT has been done in tlu\ lavas at many points in the district., but the most: extcuaivo 
searcli for oro has been made by tho Lulu Muuni; Co. and iht- Krisco Consolidated Mininjj Co. 

The Lulu iMiniu",' Co.'s property is iiiuuediately soutli of the Horn Silver mine, and devel- 
opuu'ut on it began soon after tho discovery of tlui Horn Silver deposit. A shaft has been 
annk to the 650-foot h'vel, and drifts have been oxtoiuled alon^ the contact at this level and at 
the 400-foot lovtd. The j,'eneial i^'eolopic relations are- tlie same as those in tho Horn Silver 
mine. The Horn Silver fiudt, which tlu-ows tho volcanic rock-s tlown ayaiiist the hntestonc, 
pnsses tJirougli the property, and is ofTsct by cast-west faults. The lavas, however, have suf- 
fered but slight alteration, in marked contrnst to the pronouneod sihcification in the Uorii vSilver 
mine. At a few jHiints in the worldngs fiDinll masses of sihelfied rock were noted, and asso- 
ciated witJi these was a little {jidena, but on^ in conniiercial qmmtilies has not been encounlerod. 

The Fri:^L-o CoiLsolidat^^'d Miuiiii^ Co. has a larj^e j^roup of elauns abfuit 1^ miles northwest 
of Kriseo. The iirineipal develoi)mmit has been <lone at the FrLsco Contact inuie and the Rruso 
mine. At tho former, in 1900, a sliaft had been sunk to a deptli of about 700 feet, and a cross- 
cut extended toward the quartz monixtnite eimtact at a deptli of about 000 feet. At the Kruso 
nil old shaft was bein^ pumi)ed out, i)nij>aratory (o further development. The coin])aiiy's 
holdings include areas of both tho quartz nionxonito and of tho voh^anic rocks. Nortliwcst 
of tlie I'Visco Contact worlvinjr^i im inohned shaft has been sunk on a iiasure in tho moiiz^iiiitG, 
and it is reported that some good lead-silver ore was taken froni this simft and siiipped. Loitd- 
silvcr ore has idao been fomul in other fissures in the monzonito. At the time of visit in 1909 
no ore had been encovintered in tho Frisco (.'ontact workhi^s, bat (here has been somo mineral- 
ization by ji^Tite and specularitc. At the Kruso, it la reported, ore was encountered iu the 
old workiiigSj and some minernlizalion is apparent in a fissure in the mouzonite north of the 

shaft. 

iJi,.u'Kmuu ciuoi'p, 

Tho Blackbu-d Gold & (Jopiier ilining Co. controls a larjco area in and near Copper Gulch, 
including a part of the north limestoue and quartz mouzonite contact. The most oxtousivc 
developments in tliis company's group of claims ore tho^so on the New Year's, Belmont, and 
Puritv clahns in Copper Gulcb, adjoining (he Cactus pro])erty. The works on these claims 
wore nearly all in accessible at the timo of visit, so that obscM'Vations were conthicd to those 

made on the surface. 

The shaft on the New Year's claim is rciwrtwl to havo been sunk to a depth of about :300 
feet, and several hundred feet of drifting has been dony. Con.sideral>le duvclopmont work 
has 'also been done on the Behnont and Pmily elaijns. All the dovrlopmonts on these claims 
are witlmi the general minernliw.1 zone of Copper Gulch, and liie nunernlizntion w similar in 
character to thtTt of (he Cactus nmic. The mineialiy-ed ontcro]> on the New Years claim is in 
line with the general strike of the oro zone i)f the Ciwtus mine, but is scjiaratL-il fiom this /.one 
on the surface bv several hundred f.'ct of uununeralized monzi.nito. Tho ]-oek is in part tlie 
normal motizorute and in part tho porphyritic type that Is cxpose.l along the north side of 
Copper Gulch. Both have suffered the same brcex:iatiou an<l mmcralr/ation. 

Tho mmeralized outcrop on the Belmont claim is sundar to that un the New lenr'.s and 
the two arc eonnoeted bv a narrow zone of nnneralized ground. The position of the New 
Ycar's-Belmont muieralized zone with respect tx> the Cactus zone sugge^tH that the two were 
once continuous, and that tlicv have been separated by movement along a fault witii a northeast- 



Ui^ 
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-. .V * K ihrnwn tUc western, portion 200 to 300 loot to Uw. north. Dofiiuto 

e^ddoncc of th. pu'scm.- of ^"^ '^ J»" ^ ;;.^, ^^„,^, i,, ,,,,iia,. to the smaller blocks of siuxUar 
that tho uumino-ralizo.l ari'u st-paialmt,^ inc iv^o 




a chuiuiev-likc olUioot fioni the innin oi 



Ti... ;iovd<.i>nu>n.s o. IIk^c duiuu. .vc not .udicu-nt to warrant a sta cm..d as o th. cstont 
of n.i.i.rali.,alion or tirade <.f thr ore. The miiu-raUzatiou is s.m.lnr to that m the Cactus mmo, 
bu' (Ictormiimtion of wliother or ruU- tho ore will prove of commoroml miportance must await 



further clcvelopiiunl, . i v * ^ l 

In the summer of 1910 the conipiiiiy was i>rospe(-tins near [W. ImiosUmo and quarts, moii- 
mm\o eontacl bv means of core diilis, but .it the tune of visit, early m Septomber, little, progress 
hftd boeu made.' It is doubtful if eore-tlvill prospectin- will pro\e entirely sntisfacloiy for 
deposits of tlio cliaracter found in tliiii diKtviet. 

CiJMKT MINE. 

The Comet ehiini, o\v!ie<l by the Xeva<h-Ulrth Mines & Smokers Corporation, is located 
flt t.h« oat^t ond of the Cactus mineral zonix U has bt^Pn developed by a shaft and a timuel, 
but tlio extent of the^o workinf]^ is not known, as they were not aeccssiblv^ in the summer of 
1900. The niinendizuliou is of tlui same general chavccter as ihut of the Crtclus miuc. Sorao 
ore hari been extracted, antl is on the dump. 

IXDIAX QITREX ttROUF. 

The Indiiin Queen Consolidated Minitii? Co, controls a large fjronp of elaims located mainly 
ill tlni linu-stono norlli of the qnurU mon/^>nilo sto(;k. Tlie main production from tliis f^Toup 
WBS niiulo ii» tiic early days of nunin}i in ll\c district from tiie t>ld Moujitiiin Queen workings, 
located at tho suinniit of tlie ndti;e aboiit u quarter of a mile north of tln> main quartz nionzonite 
and limestone eontaet. It is reported thai eonsi(h'raidc liip,h-ffrflde Icad-silvor ore was oxtrjicted 
from llie^ie workings nm\ treated iit a smeller near Wa Wa Sprinf^s. 

For a considerable distance norfli of Ihc igneous conttict tlio Ihnei^toiic had. bce-u altered to 
11 \v)\ilo tnystiillinc rot-k. .V few diko,s and hTef^nhir bodies of quart/, monxonito are present 
iiv tlie limestone, hut only one, that near the Indian Queen tunnel, was observed at any con- 
siderable. tUstiintc from iho main conliict. The limestone in tnwersed by fissui'cs, the more 
abundant having n ic^'^^'ral nortli-soiuh direction and a les.^ number trending east and west. 
In some loealilie^i therti bus been slight dispbu-en'.ent along both sots of fis-surcs. Minernlixation 
has occurred along tlicso fisdurfti, tliat ftMociated with tiie north-south fissures being the more 
extensive so for ivs stiown by present developments. The ore hi tho MourU.aui Q.neen workings 
(K-currcd us a replm-enumt of limestone along one of tliese nortii-soiith iksures. Tlic ores were 
extracted near the surface; where Ihe vein was ent by tunnels at greater tieplh it was nearly 
barren, hut \va.s not extensively explored. Some development work has been dojic on several 
other llssures, but no large ore hodio:^ liave been lo(-ated. 

Tiie Indian Queen tunnel way pbinned to crosscut (he limestone with the expectation of 
dev.'lopmg several fissures that cnrry souio mineral at the sui-face. The Innnel is started 
on an easl-wiNt (issure, showing eonsiderahle breeciation, but, does not follow it for any 
eonsu|(.rable distance. At Ihe time of visit. August IS, 1009. tlte tunnel had been driven 
a distaneo o .i,;.2;j feet. vSeveral fissures having a general nortli-soutli strike had been cut and 
prosp.^ct.d to H sinuli extent. These fissures contain son.e imn oxide and -vpsum, which 
md.c-a ... the foruKT presence of Kulpiiide. but no commercial ore had been encountered. The 

n o oe L tL Lr' '^'; -""^''^ ^''^ ^"'^^t^"^^-^' ^"^d a pUmt ihat was well equipped for 

probpcet-mg, the motive power being electricitv. 
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OTIIKK PROPKKTIES. 

Some prospcclinj^ lifts been done nonli of [he Indian Queen propm.v. but no .joposits of 
commiTi-ial imporiiintx inwa been eiiooutitcml. 

Considci-rthlc development work ii^s been done alon<>: the northern contact of the. qnui-tz 
moiizonite and limestone, espot-itiliy on the Rondrick^on jiropertA". Sulpliides arc present in 
mnny pla^,-,cs nlong tliis eontact and >^onie ore hus been extracled, Iiut no Iiirge ore bodies have 
vol been encountered. The jiropertios were ho( i)eiri^^ worked «t the time of visit, and eonae- 
qucntly the undeigrouud workhijrs were not examined, 

BEAVER LAKE DISTRICT. 

The Benver Lake district inchiiics tlio area within the Beaver T-ake ^[ountains. To tiic 
present time tlie main production from this district has rom(,^_fr(ini the O K mine, tlu)U.L;h there 
has been considerable development of other pro[)erfies, 

O K MINT. 

Location. —The K mine, owned by the Majeslic Minos Co., is located in tho southern part 
of the Beaver iaikc iNhnmtauis at an elevation of about (i,loO feet. (See PL VIII, A, p. S'i.) 

ilhUyry. — This district has been known to contam ore deposits since tho early days of 
mining in tho region, hut as copper is the principal metal m this part of the range tho district 
received little attention in the early dap, when the proiJpcrtors and miners were seokbig; lend, 
silver, and gold. \n 1000 tlie Majestic Copper Mining; & 8riieltuijj: Co., predecessor of the pres- 
ent Majestic Mines Co., was orgnnizod, tlio K behiij; one ol' it-s ])ropcrtie8. Tiui mine was 
developed by this company, and considerable hi;^]i_gi-nJc ore was shipped. It was roporled 
by the company that up to January I, It>02, tlie nibic had j)rodnccd 1,14.3 tons of ore *vera«iiis 
40 per cent of copper and givuiii; returns of S9j,000. A shipment of 2.5S tons of seUvted oio 
in lUOl pavo smeltx'r returns of 40 per cent of coppvr, $;i.SO to the ton in j:;idd ami 7..") ounces 
to tlie ton in silver. The rich ore tlevcioped liad been all taken out in 11)0'2, hut k^wer-jjrade 
matonal was miued later, especially during (he periixl of the prevailing high price of copper — 
190.) to 1907. With tho foil of jiricc in copper bi 1907 the mhie was closed, and it lias uotsince 

been reopened. 

If the figures quoted above for the early j)roduct.iou of tho mine are correct, Its total out- 
put of copper has been nenrly 1,000,000 pounds and the total value in excess of S100,OI)0. 

Deiulopmcnt. — TiiG niiuc was hi-st dovoloped by an inclined shaft sunk af. an angle of about 
6o° to a depth of about 17o feet. Later a second incline, was sunk with an average (li]> to t:he 
north of about 52° following the vehi. Tiie di|> bi not uniform, being steeper in the iii>pcr part 
of the shaft and (latter in the lower part. This sjiaft bus been carried i)0 feet below the 400-foot 
level. Still later a vertical shaft was sunk to the ;300-toot level. Tlie princi])al development 
has been on the 200, i^OO. and 400 foot levels, thougli there has been some e.\i>loratio]i ai)ove 
the 2()0-foot level. TIic extent of these developments can best be soen by consulting the acconi- 
panving diagram of liie worknigs (PI. XXXV). ^ 

'Geologic nlatlons.—'V\ni mine is er.tirely witlnu tho quartz monzonitc and is associatwl 
with a fissure strikin- about N. SO^ W. ami dii>ping fiO'^-Oo^' X. A strong gouge formed of 
crushed quartz monzimite, with j.rominent slickensidcs, testifies to the movement that has taken 
place alon<^ (liis fissure, but no ovidonce of the amount ot inovemcnt is avadahle. In nimor 
fissures c-uu-es ami sli.atensides have been formed where the movement has been but a few 
mciics,'«nd it is not nettessary to sijppo=*e largo movement to have taken place along the nunn 

^"^^ In the bottom of the mclincd shaft is ex[)Osed an aplitic i-oek, probably a dike, thougii its 
relations are not clearly seen. This rock is eo.npnsed prmc.pally of orthoel«se and quartz, 
^-ith a little muscovitc, rulUe, .ircon, apaUte. cha copyntcs and .nolyb.leniU- all upparo-ntly 



,ri.unil minerals, except a little of the nu.sc^ovite, which nu.> be seconda ^ . The urdo of ci>h- 
alSzation of the constituent minerals was fu.t apatite zucon, and ru lie: second, orthoc Use; 
liird quartz- and last, m general, the sulphides, though some sulpindc crystallized eontem- 
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poi-.neou9lv with the quarts and some forniod «^ e«rly as ihr fokispnr In (■onUnM. to tUe nor- 
mal minomlkcd quiirtz monzmiite this rock shows voiy ^h0M srcon.huy nltoratioii, scillcred 
foils of muscovite IjcinR fl"' o»b' aecon.hiry nuncnil. 

In iuldition to the types of roek inentionod, tlic niino coiitams wliat may be termed a 
"chimney" of qu.a-tz. On the 2im-[oot level thi? his a <rrentest tip|nircut. dimension cfisl imd 
west of upprnxinuilclv lOU feet. Aa exposed on the lower levels it shows sli^ditly varj-ing 
dimenf^ions'ond a steep dip lo the iiorthetist. At the onlcrop the tiuartz is less proniineiU. than 
in the mine. This body is composed almost entirely of very com-se erystallmo (luartz hftvinp: 
the general ehtrracter of'ii coiu-sc pegmatite, but without the feldspar and inica that are present 
ill tjcgmiitilc. The quartz crystals attain a miiximum diameter of H) inehos and many of tlicm 
arc rnore than 2 feet in length. Open cavitie.s are of common oc^uiiTcnce and into these the 
(luartx crystals project. Toward the margin tlie .pmrtz body includes cx)rroded masses of 
highly altered quartz mouzonite that have the appciUMuec of bowlders. Veins of qnartz 
ext^jnd into liie altered moiizonitf, liaving formed along fiFsures which appear to have been 
enlarged by the solution of the intrusive rock. This facl^, together \v\[h the con-oded bowl- 
dei-s of quartz ra<uizoiiito included in the quartz and the general shape of the body, suggests 
that this "ehiniJicy" of (piartz was formed by actual solution of the monzonitc and subsequent 
deposition of quartz in the space thus prixluced. After the deposition of the quartz the solu- 
tions ilejjositcd small amounts of ehalcopjTite and molyhdenite iu the open space-s between the 
([uurtz crystals. In the body of the chimney the sulphides arc not abundant, but hi the small 
veins oxiending into the inenzonite the sulphides are relatively greater in amount. Both 
sul|)ludes were probably being deposited at the same time, but in small fissures where both are 
pioacnt a markc4 tendency was noted for the molybdenite to occur near tlic ends of the small 
branch fissnri's rather than in the nuiin fissures, and where molybdenite is most abundant, chah 
cep^^Tito is not jireHent. In some places where the chalcopp'ite has been slightly crushed 
molybdenite has betm deposited along the fractures, iiidicaling that some- of the molybdenite 
was lat.e.r tlum some of ihc chalcop>Tito. 

AHimtion. of the v.'all mch. — The iilteratiou of the wall rock by the ore-hearing solutions and 
suhsequent surface solutions has been discussed in detail on page 74, and here it is necessary 
only t4> say that the (|uartz monzonite has been converted into n rock composed essentially or 
(|uart./, and nmscovite (scricite), with minor amounts of kaolin, chlorito, rutile, rarely tourma- 
line, and sulpliides, including chalcopjTitc and lesser amounts of p\T!tc and molybdenite. 

Ore and (jangue minirah.—Tho ]irinuuy sulpliide minerals arc pyi-itc, chalcoi\>Ti:te, and 
molybdenite, the garigue being quartz and (be altered quartz monzonitc. Secondary altera- 
tion has been imijovtant in producing the ore thus far extracted. Tlio secondary copper miner- 
als in the zone of oxidation are malachite, azurito, clu-ysocolhi, and cuprite, malacliite beiug 
the most abuiulant. Native eoi>pcr was not noted. The iron in the oxidi7^d zone is in the 
form of hydrous oxide, probably in lai^^^e part limonito, which in many places is mix^'d with 
secondary ^dicu to form jaspcroid. The outero]) of the ore is a mass of jasperoid stained mth 
a)pper eiu'honates and contairdng well-fovmed crystals of quartz. Carbonates and oxide were 
not found to any great extent below the second level, but it is said that they formed an impor- 
tant part of (he ore ui tho main body on and above the second level 

Below tlie oxidized zone is tho zone of sulpliide enrichment, in which covellite and chalco- 
c.te have partly rcpaced pj-nte and ehalco])yritc. The relative amounts of these minerals can 
not be stat^-d. Both are reported ,« present in the main ore body, but in the specimens taken 
fron. fissures ui the walls o the stopo eovclUte was the only socomlary sulphide noted. In tho 

Telli! riT' • '""^^ '^' T'"''''''' ^■^"^^"^^**^ ^"^ 1^''^^^»* "'-^^'^^ '- the exclusion of 
covellile ni the specmiens exannned. 

,ho ^!^Ilk'i"m;;■Sp'';^"''' "'""""■' """"""" '^'" "■'^™ !''"« '" ""^ '"--t level, wh.re 

"d.^ \ m o^d rii rT f." "'" """"^ '"'^■^' "''" ''" 'ho fourth'lcvel small masses of 

, «eui, uua It 1. doubtful ,f much hns occurred below this level, even along 
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SKVLAHK MINE, JQi 

the zones nioro favoruble for the drculntion of soiutious. The molybdenite lias hern altered 
whercvor altm.t.on has In-en noted, to powellitc. tho wilcinm molvbdaLe. This imnvvn\ occui^' 
m i>scudoinoriihs niter the molybdenite aii.i ;i.s yellow i-rysuds deposite.i un the quartz. 

Oharadfr of (he or.;.— Tho ores oi" Uie mine inny be eonvenienllv divided into t\s-o t vjies-tho 
iiigh-gi-ado ores niid the dissominaied ores, ov the smelting' and eoueeiitrating ores. Tiie hi^h- 
gnulc ores tluis I'ur (ieveK-)pcd have lieen piincipally in one botly. hieated just west. t>l' the shaft^'oii 
tlio 200-i'oot level and extending about 40 feet, above the level and (3 to S leet- below. This body 
on the. second level had a maximum len^^th oast and west of nbant 70 feet and n luaxiuuun width 
of about 3.5 feet. The ore was composed of carboiiales. oxidt^, and sulphides of copper in a 
quart/, ^'uni^iie, the j,'eneral character of the orijrinal mineralization apparently bein^? similar to 
that of the hirj;e chimney, but the perccnlui^c of ore- minerals was miiei\ t^reiiter. Outside of this 
main ore body a little of the liigher-i^a<l(' ore has been niini-d from the second and lliird levels, 
mainly around the margins of the quartz chimney. The. rclatinn nf tlic bodv of high-grade ore 
to the main quartz chimney has not been clearly determined. They arc on opposilo sides of iho 
fault fissure and it is possible that their separation i> duo to movement along that plane. It 
seems more jirobable, howpver, that the smaller body is an otTshoot from the hirger, the con- 
nection not being apparent on account of lack of devclopnicnt at iho point which would show it. 

The dis-scmlnalcd ore occurs in the quartz monziuulo surrounding the t|mu*Iz bi>dy and con- 
sists of small veins containing quarta and sulphides and grains of sulpliides disseminated through 
the altered quartz monzonite. On the second level these grains are partly or wholly vcjdHecd 
by chrtlcocite, and here and there the chalcocitc has altered to cuprite. ()u tlio 4flO-foot level 
secondary sulphides arc not abundant., except along lines especially favorable to nuivcmcnt of 
solutions. Mineralization of tliis chiiructer, so far as shown, has in general not. extended more 
than 50 feet from the quartz body. No production has yot been made from ore of this type and 
under present conditions it gives little pnmiise of being of commereial importance. 

PHOSPECTS IN THE QU.^RTZ MONZONITE IX THE BEAVEK LAKE OlSTKrCT. 

After the discovery of the body of rich ore in the O K mhie extensive prospecting wns 
Cftrried on in neighboring properties. ^Vlthongh mineralized ontcrops suuilar to that at the 
K mine, but less extensive, are present in lids district, commercial ore has not been found 
outside of tbis property. None of the. itropertics were in operation at the time of visit nor were 
the workings accessible and descriptions are therefore not possible. 

In the monzonite body in the northern part of the district some prospecting in the mon- 
zonite has been carried on, the most extensive being that at the Wasatch King mine. At the 
time of visit, no cipnuucrcial body of ore has been developed in the quartz monzonite in the 
northern part of the district. 

SKYLARK MIXE. 

The Skylark mine, owned by the Utah United Copper Co., is located ui the nortlnM-n part of 
the Beaver Lake district, about 12 miles from Milford, at an elevation of about (i.riOO feet. The 
mine is developed by two shafts and some short tvnmoU. The dcepci- shaft has been sunk 
400 feet, imd considerable drifting has been done at that depth. At the time of visit tliis shaft 
was not m operation and not accessible, but tlu^ second shaft had reached a depth of ;i[i3 feet, 
and .s.nnc drifthig had been done at about tlie 100-foot level and at the .^(lo-foot level. The 
mine has been under development for several ycsi^, but up to the present tm»c the production 

has been small. . . . , • . 

l-hc deposit is locatcil oi» the contact of the limestone and quartz monzonite and is a t>^,lcal 

contact deposit. The limestone along the contact- has been recrystallized and partly replaced 

by muscovile, garnet, tremolite, diopside, magnetite, hematite, and sulphide* m varymg 

amounts. . . r i t 

The primary ore nuiiords are magnctit,., pyvilo, .md chakapyntc m ;\S'' Y'»;fj-;™'';;^' 

.silicates .,nd rcBidual calcito. To the depth of the present workings the ^"'f '''1';^. \"7, f ";^ ' "^ 

bo™ oxidized, the copper bcmg present us the carbonates malachite and a.or.le, the Mhcate 
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chn-socolJa thr cxi.!-^ ruprito, a.ul native coppor.. lo-nlluT uitli cnnsidprable copper pitoh. a 
mLTturc of livdious osiacs of copper, iirju, and manganoso. The n.agnetuc has gcnmnlly 

rcmiiiiifd uriulteiftl. . * . -.i .1 

Tlio ore llius far (h-vdopotl lii-a in tlio Imio^itone immcdmtclj at Uio i-ontact mth the. c^mrlA 
monzonito 'Y\u- mv zone Ls ahaenl nt some points, bnl wliere present its width as cxpused ut 
the tinic of visit varie<l fruin u few inches to a nniximnm of '2ii feel iii (lie ilrift at the 100-foot 
level The variation from point, to point is so fjreat that no .scnernl esttraute is possible. The 
ore extend.^ to ibe bott.)m of llie liOo-ft-ot sliaft and is reported to be prcsonl to the boUom of llu- 
40()-foot. Hhaft ui.d in bnnches alon^^ the drift from that shaft. 'Pile ore us in general of rather 
low grade, bnt much of it is liij^di in irim an<l consequently n de.>irabIo, snicltijig ore. 

ULACK ROCK MINK. 

Tlie Bluck Rock property lies just west of liie Utaii United Copper Co.'s property and is 
on the Slime linieslone and rpiarty, nioiiZDnilo contact. The general geologic conditions arc the 
same nn tlioso alreudy described for tlie Skylark n^ijie. The properly is developed by s.n-eral 
shallow shafts an<l jiits. The ininendixation Is similar to that at the Skylark mine e.xci^pt 
that so far as the developments show tliere is less magnetite and more liematite (specularite). 
It is iTportcd (bat .'^onie inm llnx was shipped from tills property to the smeltci-s in the early 
days of mining in this ilistrict. 

OTltliK CONTACT DEPOSITS. 

In tlir nnrtlicasterii pmt i)f the district the quartz monzonite contains many irrcgiihir 
-m«b-ses of linte^tnne. The areti is low anil hirgely covered by float:, so lliat. the relationb are not 
clear, hut ninny itf flie linie^^toiio masses appear to be l}li>cks surronndcd by the intinsive rock. 
CoMlut't alLiTalitMi luis been ]ifonoui>c.ed in alt ibcst^ masses and \x\ nnriiorons placid development 
alon^ tlieao ctxilacts baa ex(M)sed orc. Tlio limestone ba* hcen altered in .similar manner to that 
of the other contact drpo^^lls drecribed, niimely, to garnet, diopside, trcniolite, epidote. mica, 
magrietitf% liematile, and tlie sulphide* jiyrito and chalcopyrite. At tlic sui-face the sulphides 
are vtM-y gonerally altere<i to sea^mdary minerals, I1 is reported tba'' some, ore has been ship])ed 
from the dcjiosits in thus pjirt of the district, but no large bodies of coituuercial orc- had been 
developed iit IIm' time of visit. 

Tlio Copper Mountain mine, just north of the ait^a mapped, has been developed by a vertical 
shaft 100 feet deep from the bottom of which an i^ncline extends 75 feet. At the bottom of 
this incline several hundred feet of drifting bus been done along the contact and some orc^ 
extracU'd. A number of large st>lu(ion ctivorus iji the limestone indicate the free ciiT-wlation of 
\\'ater at thLs depth. The ores occur as a replacement uf limestone at the contact with quartz 
mniizonile.^ Tlicy an- nmstly oxidized, the o^ppei- !)cing present as the carbonates and silicate. 
Magne.til4> is not un shundaiit mineral and the ores are more siliceous than many of the other 
contact 01T3 of the ilistriei . 

The TV-uver r,op]>cr mine, wliich is located just at the northern margin of the area majipcd, 
js snmbir m general character to l!ie Copper Mountain deposit. The property was not in opera- 
tion at the lime ot visit and the uudei-gmuiid workbgs were not examined 

Some prosp<'ctmg haa been done mi several oUut properties iu thus jiart of the district. 

At s^'veral ,).>uits m the southern purt of the Beaver Lake district shafts have been sunk 
tbmugh the slu.low cu^-cringof wash, and in some of tlicm the contact between quartz mon/.onite 
ami limestone Ims been encomitered. 

ITvc minonvliy.»tk„> u< «,uil,u- to lh«t iu otha- ,,.ut3 of the district, so far „s could be judged 
wen' ma ex!,'mt'e7"' ' ' V'^f'.-rii^; were iu operation und the Itudergro.md wo.kiiigs 



-luu m olUu pa,U nf the distnet, but, d.velopuieut h,.s uol bee,, ,„fliciout to show its extent. 
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OLD HICKORY MI\E, jg^ 

ri:plackme\t nssiKt: deposit.s in- limestone. 

la the Imiostono body in t'no .loiUioiii part of iho Bo^ivcr Lako dislriot [hvvc m.c nurnorous 
fissures along whiclv tlio hmcsiono. bus been ropbicod by oro nuiiorals. At tbo tunc of visit 
but hMle dcvolopuiout work bud born done ou deposits of this tvpo auct no oonsidoriddo ore 
bodies lidd boon tUscovcrod. The ^^onoral goolofric coaditions arc sbuilar to tlioso in othor 
districts in the aro.i studied wliore h-ad-silvor deposits occur and future developments nuiy 
disoloso conimoroiiil bodies of ore. 

ROCKY DISTRICT. 

Tlio Kooky tii^^triet iiiobulcs tlie Kooky K.inj^r^., ,i small isobited >r,-oup of bilk east of Mie 
Beaver Lako Mountains. Tbo minoralizaliou in this di.strict i^ confMUMl mainly to the soutliern 
part of tho range and is closely nssooiatod witli the limestone. Further north there ba.s boon 
some slight luinevMlizatiou along fruetiu-o liuos in the uionzonito. As stated on page 87, the 
sedimentary rooks in the Rocky Range ooiistituto a blook that has bw^i inoludcd in the intrusive 
quartz monzonite. As tliis block is nearly or quite surrounded by the intrusivi? rook, it is prob- 
ably not of great vortical extent. Dikes are abundant thntugbout tbo area of sodinKaits, and 
in the liiglUy shattered quartzito at tiio extreme south of tbo district tlioy have been eonvertcd 
into intnisivo breccia by the entering of tho numzonite along tho nntny fnict ore pbinos. Typical 
contact alteration has occurred wborovor the liniestono is in contact with either tbo ctiriier or 
tlio later intrusive rock. The nature of this aUcratittn 1ms already been discussed (p. 87). 

OU> HICKORY MINE. 

Tho Obi Hickory mine, owned by tho Majcslio. Minos Co., has long boon known, as the oro 
body crojjs out proniinontly, but it luis not boon extensively Hevolopoil or op(-rat^^tl imtil recent 
yoiLi's. Its main production was during 1906 and 1907, when the higli price of cop])or made tbo 
shi|>nient of the low-grado ore, couiincrcially |)rolitublo, 

Tho mine is oi)one(l by a shaft about 300 feet deep and n tunnel that outs the oro body 
about 100 feet below tho outcrop. Two levels, the third and I'ourtb, have been opened below 
tho tunnel. The first level is about 25 feet above tho tunnel. On the tunnel level drifting has 
been carried along tbo general lino of the oro body for about 1,100 iv.ct. Tho third level is devol- 
o|)e(l by about 1,200 feet of ilrifts and crosscuts. The fourth level has about GOO foot of work- 
ings The development on the level above the tunnel is confined largely to the ore body and 
does not iiggrognte more than a few hundred feet. The extent of development oan bo soon by 
reference to Plato XXXVI. Sloping has boon cavriod on |)rincipidly above the tunnel level, 
though some oro lias been extraolod from the oast end of tho projicrty between the tunnel and 
the third level. The ore bo<ly has boon dovelopeii for a length of over 500 feet in tbo tunnel, 
though for only about 300 feot has it been shown to bo of dimensions and graile to permit 
prolitiible extraction. The stoping width at the surface and on the tunnel level is from 15 to 20 
feet. Below the tunnel the dimensions of the limestone block, ami in consequence tho size of 
the ore body, rapidly docreftse. On the fourth level the rock is hirgoly quartz monzonite. 

The rocks associated with Che ores are limestone, quartzito, and quartz monzonite. Tlie 
sedimentary rocks at this pouit strike nearly north nnd ^outb, ami the tlip l^ nojirly vertical. 
The monzonite has locally been iutrudod along the bedding, tiiougii in many places it cuts across 
the be.!(lm<T. The surface near the Old Hickory mine is partly covered witli float, ospocialiy 
west of thymine and tl^e relation of the rocks is not clear. On tho tunnel level luonzonito is 
exi>osod at numerous points along the west wall of tho ore, and doubtb,-. forms the west wall 
of the main ore bodv. Next east of the monzonite is a body of magnetite carrying sulphides, 
garnet, and diopshie; magnetite is the dominant mineral for a (hstunce of 15 to 20 feet from 
the monzonite. This zone gives place to a zone of garnet with diopside magnetite, and sul- 
phide 50 or 60 feet wide, which in turn gives place to intcrhed. ed strata ot quartzite and lime- 
stone cut by quartz monzonite dUvos and showing pronounced contact alteration. As stated 
earlier, the Pediments here appear Uy he but an isolated block surrounded by quartz monzonite. 
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11,0 con.litions in the low.r k'vels of tho rnme M.-rsi thi. .-Inn, .i^ the. mnn.onilo .ppears to 
underlie the sc.Unicnts .M.t.irt.l^■ nt im great -iisfuicc l)olow tlic lower working, of tho nime. 

There hus been some isulting an.l movement suhso.itieiit. to Ihc. intniMoii of the monwriito 
;ina the fomi»tinn of tho or.-. Thi-s <lisi..rhH.K-o, Imwovor .s not hehovcM^o hnvo ro.ult.d in 
.',■(•»( .lUH'irci.utnt or t« V>o of gio^it strn.-Hirnl .ignineniu'.e. ih.vemeni w.tli the. farmution of 
TrnuKC lias occurrw! t>etft-cvn (lie inonzonitc nn<l ore. So fur us noiod, liowcver, tins has r.owliere 
rpMiIlod in hTuvnmr t/>gPtlior unmirionili/.o.l hniestono nrul quartz nioiizonito. TIih nrngiiotUc 
invnrmhly lins cLso t.. tln^qunrtz. innnz.Miito. \O.Hhcr faulting is |>rosent or not. und tliosilicutc. 
unci -lightiv uitcTfa liirtostonc an* lit gro.-itor tlistiiricr. 

' Tho ore Uxly, n^ uircHdy imlii-rtteil. is tuhiihir hi form, ocriiiiying the jjosition ol certain 

,» Jinie>!(inc hmis tlir.t hiux )>ei'n re])hic.ril. 

The niiiuinih/.ctl wine varies in rhflrjK-tor, hoirig ni;nh'. iii> in some phxcr^ of magnetite ciinying 
Hniiill ninounls of silicutos ami siilphitlos and in others of siliciitcs enrryiiig ^maU amonnts of iiiaj:- 
noiilc iinti stdpliiiles. Tho minerals are in the main contoniporaneo^is, altiioiigh there are u 
few i^innll veins of magni-tito and sulphide entting liip cjirlior iniucrals:. The primary sulpliidos 
uro pyrito, ehnlr.opyril<\ and iKintite. 

OrilKie 1>EIM.)S1T.S. 

• MinonilizHfion lias 04-e.urred at. numerous otlior (wints in tl\is part of tlie district near the 

eonlHit of tho ([uart/ nion/.onite ivnd limestone, l>ut a-* yet tlie dej^osits fit iliesc p(tinls have not 
bwh extoiwivply developed. Kiist of tlie Old Hickory deposit some devolopincLit work ]>hs 
bwn done in oxidized ir(»n ores, and it is rejiorted that some i>ro was shipped to the l'>isc.o 
smcltJ^rs for flux. North of Jliekory tlieni has boon some development along the contuet, 
diiielosing niinenUixation, hut extensive l)odies of commercial ore have not yet been opened. 

STAR DISTRICT. 

The aiea north of Klephaut Canyon, in the Star Range, is someiimof; known as tho North 
Star district an(( that snutli of Klnphant Canyon as tlie Star district, but at present the two 
ariiis nr<^ eoitinionly referred to as the Star district. Active niinijig in Beaver County began in 
tills district, nnd for acveral years ui tho seventies it was an Important producer, but after that 
pei-io<l it WHS jiiiictiealJy imu-tivo till it few yortrs !ig(\ when development was again liiulortakeu. 
TliJ.s distriet is now nujrn aeti\-o tTuin any other district in tho eouuty. Many of the old mines 
arc. still Idle, liowcvrr, nnd consecpiently the study of tho distriet has been le^s satisfactory 
than euidd he d»>iire<!. Tlie hdk>win;,' pages include descriptions of tlie propoities that were 
iweossible and snrli (tbservwtions un olher,-^ as rould l)c made on the surfuce aiid from the ohl 
dump«. (See PI. XXXVJI.) 

lIAliinXUroN-MlCKOKV MINK. 

Tlic Harrhiglnn-TrK'tory mine, owned by the Majestic Mines Co.. is located on the east 
side of the Sttn- Uunge near the north end, at an elevation of about o,0(lt) fe^t, Jt is about o 
mdod fvoiu Milf(Hrd, l}»o neart>st station on liio San Pedro, Los Augeles & Salt ].nke RaiiroAd. 

The muie was fust worke<l in the early days of uiiniji- hi tho distriet, when,"accordmg to 
reiH>rU, coneidoi-able neh lead-silver ore was taken (.ut neftr the surface. Since 1900 it has 
he.'u mtermittently worked by U.e Majestic Mities Co. uad its predeces3<u^. In L909 the mine 
was equipped tor the u.e of oleetrie power And pumps were in9taUe<l to peruiit development 
beluu (ho water loyol. t'lcetvio-iwwer Upurch.i3e.ifromlhoBeaverRiverPoworCo. Noaccurate 



record of tho total metal output of the mine is JU'iulabie 
The nmie is devel^.ped hy several shafts and numei 



numerous tbifts and crosscuts, as sliown iu 
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mine they dip iibout oO° E., but in the mine Mio bc.ls show sonic vanation in dip, tliough in 
ponmil ihc ^u\^h is 15° to oO^ No intrusive rocks were seen in tho mine w orldnj^s. i!)ut iibout n 
(lunrtcr of ii mile past uf the mine jinti sepiirated from the sedimontiiiy rocks by a dehris-fillcl 
valley is ix body of qmiru diorite iHii-ph>T>' that is pwbrtbly inlnisivo into the sodinientdiy 
series, imd three-fourths of n mile north of the mine is a muss of qutirtz vuou/.ouito with dikes 
extendinjr into tlio luucstone considcvubly soutli of the miun oontiu't. 

The scdinicntury strata are broken by u series of noirly pm-allcl fissures lia\-ing m i^eneral 
strike of N. 55^-GO'' E., nnd ti very- nenrly vertical dip. The main iii)erntions on the iiroi>erty 
have been (confined to two of these fissures, Mio A.lelia and the Harrington. Tlio workable 
ore bodies hiive been formed by the rcphicoment of ecrUun liruc^stone licds for varyini^ distances, 
10 l^> 30 or even HI feet from tho fissures, thus fctrniiu;^' chiiiuuys i)f in-n with a fxeueral dip txi 
tJic northeast. foUowhi-r the intersection of the heils ant) (issiires. This relation is well shown 
by reference to Plate XXXVUI, sliowin^ sections of (lie mine. 

The stvalu cut by the fissures sliow jireat differences in the jmuuinl. and churnotor of tlio 
alteration produe^'d by llu^ oi-e-l)cnrinj^ s(dutions. This is due very iav<;ely to a dillere,ncc in 
tlie ehemical compohdtion of the rocks and in lesser dci^ree to tjio fact tiuit in some, phiccs the 
r<tcks have been crushed, more tlutn in otliei-s and arc ennsequent-ly moro readily aeletl u]>on. 
The siudy and siliceous scdunents have undorn:one but slij;;ht iiltenition, but stmio of (he hnuv 
stone strata fov a distance ranging from a few feet to 20 or 30 feet from tho libsuro lia\e been 
enth'oly changed iii character and composition. Tho lmu*stono beds show great (htrerenees in 
tlie amount of alteration, the reason f(U' which is not entirely clear. In jjart fliey nuiy bo 
attributed to dilTcrences in the composition of the limestone, but a more offective factor is ]trob- 
ably the crushing ui certain beds, due to sligiit movement along the bG(UUng planes atthetuuo 
the sedmionts were tilted froni tho horizontal to tlieir jjresciit positions. Tlie nuist prominent 
change in the limesl<uie is silicification. In much of the higldy altered rock tho liiue^t^no 
luis be«n practieitlly remo\ wl and the rock consists of (quartz with a relatively sniall amount 
of orthoclaso :nul the oi'c minerals, fogetlier with cMtnsiderahlc ajiatilo in very small evysltils 
and some litunitc, garnet, and magiietite. Altcrati(tu of this cliaracter ui varj'ing intensity 
is charactci'istic of tlie principnl fissures developed. 

In sinking tho main (Gomer) shaft and cnissciitting to the Harrington vein sn^aller fissures 
wore encountered in which the minerals showctl little secondary oluuigc. The Ihnestonc beds 
adjoinuig those fissures have been aUove<I to tremolito and garnet with varying am(nmts of 
cuiartz mid sulithiiles. Tremolite and garnet in small amounts were fmined during tlicalteration 
of tho mnin vein, and tiierc can be no doubt that both tho nmin vcui and the smaller veins arc 
of fclie same diameter and vai-y simply hi the nimtunt of the differpnt minexals resulting from 
the process of altciation. 

Tho pri!miry ore minerals recognized are galena, sjihalerite, chalcopyrito, pyrite, and 
totrahedrito. Molybdenum in some form is present in tho prunaiy nrc. The ordinaiy mode of 
occurrcucc of thia element in primary ores is as tho sulphide molybdenite, an<l it was thought 
likely that this mmeral occurred here intorgi'own with galena, hut a careful nucrosc«i)ic study 
of galena incased in alterati(.n products, including wulfenite, failed to disclose any molybdenite. 
jVltlmugh this can not be considcretl as conclusive e\'idcnce that it is not present, it seems likely 
that the molybtienum nniy be ciystallized with the load sulphide as molybdiferous gdeiia. 
Silver is also present in the galena, probably aa the silver sulphide. 

Secondaiy alteration has affected the ores in the main \'chis to tho gi-eatest do])th to which 
thov have been de\^elopc.I, namely, slightly behnv the 5l)0-foot lc\-el. The sccondaiy mmerala 
resultin^r from this alteration uf tiic sulphide arc ccrusito, anglesitc, u-nlfenitc, corkite, vanadi- 
nitc mJiachite and iiyiU-ous h-ou oxides, largely Imionite. Native silver was noted m ore speci- 
mens from fhi^ mhie Xo scc.ondar%^ y.inc minerals were seen m the mme, but the oxidi/.ed 
oro carries some zhic and the secoadan' /.inc minerals aro undoubtedly present.^ The most 
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abundant in the ores taken from the lowest working*. This luinornl Uas not been obtained h 
sufficient purity for cliemical analysis, but from optical study iind qualitative chemictU work 
by W. T. Schaller it aeoma to con-rapond to curkile, a hydrous mineral of uncertain fonuula 
cftntaining the oxides of phosphorus, sulphur, iron, and lend. Tliis is the first bcality on this 
continent at wMcJi the miueral has been observed. A little ViUimUnite oceura aa smnll crystalii 
ill the ores contnining wulfenite. 

The ore all carries a small percentac^e of copper, largely as tlie ctirbonute, though other 
secondary copper miju'rals ure doubtless present. The average gvadQ of the ore th:it hi\3 been 
tftkcn from the mitie is !iot known, but it is reported that sonic hi^h-grude ore was taken oufc 
in the enrly days. It wua stated to the writer that the ore body in the Gomer shaft, which -was 
bemg worked in 1009, just above tiie water level, cairied from 15 to 20 ounces of silver to the 
ton, 20 to 25 per cent of IciuJ, und a httlc copper and gold. 

In the auminor of 1010 the Gomer shaft hud been sunk to the fiOO-foot lovel. or about 100 
feet below the water level, and a crosscut started to rencU ore that liad been located b3^ diamond 
drills apparently as fl downward extension of the shoot followed by tho Gomer incUnc. When 
this crosscut intci-sected tiie fissure before reaching? the ore bed a hcavj' inflow of water roquii-ed 
increased pumping fucilities before work could be coutinued. ^Then the ^vi-iter left tlio field 
the ore had not been encountered on that level, and sufficient pvmipiiig had uot been dono t* 
demonstrate Hlw serious the water problooi would prove to be in the downward development 
of the mine. 

REBEL MINE. 

'riie Rebel mine i:^ about three-eighths of n, mile north of t!ie H«rnngt«n-Hickoiy mine. 
li wan one of the earhcst mines worked in the district and is reported to have been one of th& 
largest produocrs in the early days, though accurate statistics of the metal output are not avuil- 
nble. When the rich surface ores were esihausted operations were discontinued and the nune 
remained idle for mnny years. In 1908 operations were re&umed Uj explore the ground at 
greater depth, and in the summer of 1909 a shaft had been sunk to a depth of 200 feet and 
considerable exploration done at that level, though no commercial ore body had been opened. 

The general geologic relations are similar to those at the Hflriington-Hickory mine. The 
sedimont** are the same series of limestones ami silireons shales, but, being nearer to the large 
bod}' of quartz monzouite, they have been more disturbed by the intrusion and have suffered 
greater alteration. 

WHITE ItOCK MINE. 

Tlie Vniite Rock group of claims is locatetl southwest of and adjoining the Han-ington- 
Hiokory mine. There are on the pix)]wrty n few shallow workings where ore was taken out 
m the early days of the ilistrict, but these do not mdicatc any considerable production. In 
tile summer of 19U> developmenls were in progress on the property and in August two shafts 
were being sunk. One had reached a dciith of 60 feet and the otlier 70 feet. 

The same series i.f parallel northeast-southwest fissures that arc present in the llanington- 
irickory mino enss the ^nitc Rock group, and it is ou two of these that operations were being 
couductci. Ore had been encountered in both, but at the time of visit developments wevc not 
safiicicnl to indicate the extent of mineralizalion. 

The piiniary mineralwatiou, so far as shown by the meager deve^lopment, was similar to 
that in the iieighhm-mg mines, but secondary alteration Ilis been much less, galeua and other 
pnmary sulpludes l>emg pi-escut ouly a few feet below the auiface. 

WI145 mi.l. MINE. 

M-if'^w ^^''^r ^'^\\"'"f »^ "^ "^« noithwestcrn part of the Star district, about 8 miles fwm 
T 5wu'l ii-ll "' ^'"' "'"I'^^- '""^'^ ^>' '■^«^- I^ '^ «t ^^ ^l^^-^tion of about 5,400 feet. 

W. 'v u ni -'""'^ ''*' *""' ''^^*'^ producoi-s in ibe e^rly days of minmg in the district but 
m^n^^^^r7r\ ^" '^'' '""™^' "^ ^^^'^ '^'^ P'-^'P^'-' V ^va. equipped for develop- 
Xnt^^fri^hS;:::;;''^^ ''-' '^"^-^^^ - ^^^ ^'^ -^-/-d .^.u^ ,Z some or. was 
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The main workings consist o( ;i sluifl slmiIn: at an avnra^e incline of aboiil, 45"^ to a dcptb, 
iji August, 1910, of 470 I'ect, with four levels optmod. Soveml hundred feet of opening has iweii 
acconiplished on these levels, as shown hi tiie aeeompjinying diagram of the workings (PI. 
XXXIX). In addition lo the main shaft, there are several shallow shafts and open eiits on 
tiie properly. 

The sedunentary rock in the vicinity of tlie mine is ilic Topaeiic limestone, of Carboniferous 
age. This has been intruded by quartz monzanife, wliieh in (his nn;ss is of a rutber acidic 
type, approaching true granite. Associated with tlie tpiartz monzimito is some aplitic rock 
composed principally of quart/, and onhoclase. This rock occui-s presumably as dikes, though 
its relaiion to the quart/, mon/.onite was not clear, owing fo poor exposure. A few hundred 
feet, west of the mine the \-ok-nnic flows are present, but these are not connected with the ore 
deposits. Tlie limestone adjaceni to the quart/, monzonite shows typical contact, alteration, 
a)nsisting in a rwrystalh/ation of the carbonates and a partial replacement, of (he carbonates 
by 4'iHitact silicates, garnet being the most jibundant, with lesser amounts of t-remolite, diopside, 
magnetite, specularitc, fluoritc. and sulphides. 

The intrusion of the quartz nion/onite has vesidted in a fissuring of the limest^mo nnd the 
ore deposits have formed in the limestone close to the contact, replaeinj^ tbo limestone along 
the fissures. The ore to the present depth of development has been almost entirely alt^>red 
to secondary minerals and it is thereforo impossible to state what the primary minerals wore. 
From the nature of tlie secondary niinerals and aimlogy with similar deposits \\liere I he iirimary 
mineralization is shown, it is inferred that the primary minerals were the sulphides of lead, 
copper, iron, and probably zinc, with the contact silicates,. iron oxides, quartz, carbonates, and 
small amounts of apatite and possibly other niiiu'rals, 

Secondary alteration, as ahvady stilted, has extended l^i tlio lowest workings. Tho [irin- 
cipal secondary load mineral is tho carbonate, cerusife. Tho ore contains also some anglesite 
and the rather rare mineral eorkite, which is of eoinnion oeeurrenco in the ores, but luil an 
important ore mineral. Jaroslte is not imcommon, and plumbojar<jsite was IdenLiiied in speci- 
mens from the mine. Copper is present as the hydrous carbonates, a/,nrite anil malachite, 
and the silicate, clirysocolla. Zinc niinernis wei*e not, i>bserved, buli they are doubtless present 
in tiie primary ores and piobably to some extent in the secttndary ores. 

The iron oxides have not been greatly altered, hut hydrous Iron oxide, mainly linionite, 
with some manganese oxide, has resulted from the alteration nf jjyrito and other iron and 
manganese bearing mineruls, 

CKUAH-TAI.lSM.^N MINI!. 

The (!edar-Talisman group of chiims is located south of nnd ailjoining the Wild Bill mine. 
It comprises what \vere formerly tlie Cedar anil Talisman pi-o|)erties. Both of these ]H'operties 
were producers in tho early days, but no record of their ctutput is available. During the last 
few ycai-s the mine has mode sliipments of lead-silver and zinc ore from time to time. 

The mine has been de\Tlopefl by an Jnelined shaft 500 feet in depth and by drifts and 
erosscnts from this shaft. In tlie old workings each (-ompany worked through its own shaft, 
but the present operations are conducted from one shaft. 

The workings of the mine are in the Topache limestone, a few hundred feet below^ the base 
of the Talisman quartzite. Tiie strata are rather massive at the mine, but. to the west and lower 
in the series they become more shaly nnd siliceous. The be<ls strike about X. \o° W. and dip 
about 35° K. The beds are cut by a main fissure striking nearly north and south and dii)ping 
steeply to the west. Another fissure striking nearly with the bedding and ilijjping west inter- 
sects the main fissure, and most of the zinc ore thus far developed has been along this .^^econd 
fissure. Other fissures are present, but so far as present developments show they have not lieen 
important mineralizing channels. 

The ore has formed as a replaceinent of certain be<ls <ti limestone on eitlier side of the 
fissure. Ore has been extracted from three different beds. The distance fn)m the fissure to 
w^hich replacement has extended varies greatly from [)lare to i)lac<; hut docs not usually exceed 
40 feet. 
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The ore is praolically all oxldizec!. so that it is not jjo^^siblo to stato positiveU the charac-ter 
of tho origiual ininonilizntion. U sorriis ln>rliiy I>^ohQbl<^ however, that the pi-Imnry mincrais 
consisted of sulpiiidos of lead, iron, cofjper. and zinr in a ^ilicmnis £ran,j:ue. Tlio oxidtUion of 
these suiphid<-s lias produced the ores as they are now. Tho lead ores ronstsl of hnth (he 
carhonnto, cerusitc, and tho sulphate, arvJclesite, with some i^nUmu am! a little, cvppev onriionate 
and silicate in ,i siheoour^ .trnn^ue. The leail ore carries considerable silver. The specimens of 
zinc ore collected wore larjjely the siliciite, calamine, with some carbonate, sniithsonite. 

CKUAH KXTKNSION. 

The Cedar Rxtrn^iion is n (,'roup of ehiims lyinr,^ south of the Cednr-Ttilisman mine. No 
work wn-s in proirress on iliis jjroup at the time of visit and so far as learned little production 
luis been made from lliis jjiopiMty, vSoine development work ha.s been done, hut as the propertv 
was closed no cxuminulion of the undergrouml workini,^ was made. The claims include parts 
of the areas of Topadie limestune «n<i Talisman quartzite. 

LKOXOUA GItOUP. 

The Leonora is an extensive group of claims south and southwest of the Cedar Extension. 
Some ore lias be^n shipped iVoni the property, but the pro<l'jetion has nevc^- been larsje. Mor^t 
of (he developments have consisted in yhallow workings along fissures, but in ]!)()» a tunnel 
was beini^ (U'iven to cut a supposed ore body at greater depth. At the time of visit tliis tunnel 
had not reached the objective point ami no ore had been devel(ipe<l. 

Tiu' property iucUuIcd parts of the areas of Topache limestone and TalLsman (piartzite. 
The principal development work has been done alonj^iissui^es with a j;iuieral north-soulii strike^ 
tlie ore lonumg as a replacentent of the limcston(\ 

ADMIRAL OKOUP. 

South of ilic Leonora j;;roup is the Aihniral group. It is reportetl that n small siiipment 
Oi' ore htm In-en nutde from this property. A tunnel that was being driven in the quart/jle to 
cut a fissure tliat carriwi lead ore ni^ar the sun'ace was closed at the time of visit, hut it was 
repotted Unit the tunnel hud not yet reached the fissure. 

The property inehides parts of the areas of Topache limestone and the Talisman quartzite, 
the developments being iu the quartzite. 

iroosiKit noY .\([ne. 

The Uoosier Boy mine,o\nu'd by the Majeali<- Klines Co.. is at the head of KU'phnnt Canyon, 
on the west ^ide of the district. 

The niinn made a eonsidcruble pnxUiction ni the early (hiys and has produced from time 
to lime since, some ore behig shipped durmg 1910. The ndne was idle at the time nf visit, but 
is rep<a-ted to be developed liy a yJuift 'ioO feel in depth. 

The ore deposit, like several others in the distnet, is located in the Red Warrior limestone 
nnmedn.tely underlying the Mowitza shKle. As the underground workings were not exaiained, 
net lUitails f.f the occurrence of the ore were obtained. 

iiliPIIAN BOY GROrP. 

VI '^''V<^'^'''''' Boy group of riniins is located in the westeni part of tlio district, sonlh of 
t^lephant Cany.m I ho i.vnicipal development consists in a tunnel in the eastern part of the 
group, near the Elephant lunie. At the tu.ic of visit ore bad not been eneountered in the tunnel. 

RLKPHAXT MIN'K. 

ono ™' ; a" '"" '"7 "1^ "r """■ "'^ '^''■■'-''- ^^'"" tUc eknuslu,,, of tUese o,-e. 
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The cnrly workinsN .•.>usi^( nf n ^viws ..f inv-ulnr st,>pe« follo«-i,i<r the ore ii-om the surface 
down. L.iter h turin.4 U'iis .Irivon (.. cut Uu- .k'pnsii ;U -lOiUi-r ,|opth, but nt tl.c timo uf visit 
no ore luul been dovelopt'd m th,. iunncL Tbo luiiio lii-s just south of tho li:ic|>hnnt fiuilt and the 
stratA fliT consitinably <listurbp.i. UV fiuilt zniie ii. (br tunm-l is ir)HeM'iit<yl In" /.oiios ,u' 
.^(>u-L> forme-l bv tlie .irrin.iinjr up of tho mcks. Tho .irposit is oik- of liio soru's that Ims foriuca 
ui the amesLom- just UnwMU tho .Muwil/.a shah-. The ..:v rephicos MEiirsiono luijncout to a. 
fissure with a <;:eneiui east-west strike. 

MUWrrZA MINK. 

Tho Monitza mine is in lIip western ptirt <>f the Stiir <lts[riet. nnitU nnd west nf the Red 
Warri()i- jjixmp. Ore w,is shipped from the Aiivil ehiini hi the curly <hiys, but no recoril of tlie 
nietiii output is itvuilnhlo, tlmufrii if was not <;rciil, lo jud^^' from the size of tlie stopes. In the 
summer of IvKJS u shaft was started on the Anvil ehum to ex[)h»re the propertv bet<tw the old 
workiii;^. At the time the mine wns visited, in the summer of tOO!). the shut! had been sunk 
to u depth of about :iOO feet and several Imiuhvd feet of exploration done. Subsequently the 
shaft was eontinued to a eonsideruldy greater depth. 

The niineralizatioM in the Mowitza luiuo is in the limestone underlying the Mowitza shale, 
but tit a iiorizon siij;htly below that of the nei^^hhorini,' lied Warrior mine. The sediments 
for the most i)ar|. are rather heavy bedded blue linieslcuie with some li.irhl-i^rny limestone, a 
eonspLeuous bed of this character outcroppin*;; just west of the shaft and alonij the roail. Ovi'r- 
lyinj; these beds is the limy shale formation that has been mapped as the Ahiwitzu slniie, which 
crops out eonspi<-uously on the low saddle jti.st northeast of the hoardinj; house. 

The strike of llie beds is about i\. 10^ K., almo.st exactly maj^notio north, and thft di{> is 
iibimt 40° E. The IkhIs are cut by several fissures havinir a. genenil nnHhenst-southwest, strike 
and dippiie^ about 71)'^ K. The displaceinent alon^ these, lissures has been slijrht, thoufih slickcn- 
sides und stnue jrtiuj];e testify to some movement. About 100 feet norlh of the shaft ihi the second 
level the beds are cut by it nearly eust-wiHit break dippinjj to the south. There has been snmo 
movement aloni^ this hrenk, the portion to the nm-th a[)pearin_ij to have been moved relatively 
to the west. The nmount of the movement was nnl determined but isnlt^^ht. 

Alonu several of the. boddinij plani-s there is evidence of movement poralle] to llie iieddinfc. 
This has had somewhat diHererii elfects ui different betls. In some places it has resulted in tho 
formation of a layer of fi^oujife; in otiiers the limestone has been broken into «ma!i anjjular blocks. 
In both eases the movement has apparently been slii^hf. 

The ore, as hi neij^hborin;; mines, occurs as a reiiiaeement of beds of limestone near the 
interseelion of fissures. The primary ore was doubtles-; ^nlena with vurym^' amounts ot other 
sulj)hides. The ore renniiuing in the ujjper workings was mostly oxidized, largely carbonate of 
lead caiTyinji: silver. 

In the deeper \vorkin«cs the conditions appear to be identical with those near the surface; 
in fact, the continuity id' the ore-hearing^ fissures to the deeper level has l)een established. 
Though there has been sli-^hl ntiner(disiati"n, n<» commercial ure had Ihmmi encountcreil at the 
time of visit. 

RKIJ WAHRrOU MIXF. 

The Red Warrior group {PI. XXVTH, ii, p. UU) is near tho center of the Star district. 8 miles 
from Milford. To the nortit is I he Mowdtza group and to the south the Moscow. The Ked 
Wyrrii)r, like many of the other mines of the district, was worked in the early days and theti 
remained idle for yeni>; except for occasional shipments by lessees. In 1007 it was taken over 
by the present management and a plant installed to explore the property beh»w the old workings. 
In 1908 shipment «.f <a-e was begun, and tiie mine bus beeji a producer since that time. It is 
equipped with a gas.,>line engine and hoist and a thrcc-drUl air compressor. 

In the .summer <.f ItUO the shaft had been sunk to the fifth level, about 450 feet below tlio 
surface- three levels, the first, second, and fifth, had been opened from the .slnift; and two sub- 
levels between tho third and fifth had been opened by a win/.c The extent of the developments 
is shomi on the [>lan of the mine workings (PI. XL). 
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The Rod Warrior deposit is cntiMv wUliin tlu- !imp.(oii<', tho shor.t of ore devdupcd in 
the i.ro^ent workin-s being in rt )>od ui limcstc.no -.i litth^ In-low the MowU/.a shale. The linieMonc 
is nicstly a rather heavy bcddod bine and <crny lime:^tone and is overlinn by ft luuy fo^sililcroiis 
shide ea"iTvin{< thin beds of limestone. , , - , m, 

ThoMmtu in which ihooremrur^ are tiun bo(hled but not shaly in ehnructer. Die hanguij,' 
wnll is tmmed by a ralhei- massive white bed; the l.)utw:ill is n massive bhie iinicstonc. Tlie ore 
beds show considerable crusliinf,', but appiirenlly the movemenL accontjmnyiii- this wns slight, 
tm tlie rook is in few phiees ground to a f3;niij:c. Il seems pnibablc Uuit, the ore beds bein^^ weaker 
than the adjacent beds, sulTcrcd crushing: when the strata were tilted to llioir present jwsition. 
No intrusive roek wta^ seen in the mine, iliough a few suinli, liigidy altered dikes erop out 
ft short (lislanee to the southwest. These <iikes so fr.r as tlcl-ormined liavc bad no inlluenco 
on tlic (h'posiJion of the ores. 

The bwls of limestone, in this property, ns in the neighboring j^roups, are cut by fissures 
having a f^oneriU nurtlieast-southwewt trend. The main tissuri^ C'nn]iec[,e<I with the deveiopctl 
ore shoot strikes X. 4o°-o0'^ E. and dips steeply to the nortliwest. Minor fissures with different 
directions are present but appear u> have hiid lilth'. efl'ex't on the ore body. Tiic displacement 
olon^ the fissures is slight, but that aonw, movement tiK>k placo is shown by the sJickcnsided 
face*; and K"'i'!;C"'^ along the fi.-^suie jilanes. The amount and direction of the throw is not every- 
whem ri-adily apparent, but in most places where it is detiM'inincd the portion noith of tlio break 
has l»ecn tlirown relutively U> the west. 

The iilteration of the roe4< adjacent to the fissures )uis been less than in many of the other 
miiirii of the district. The limestone has sufVereil a little silieifieationj but contact silicates were 
not noted and orrf-airdy are not abundant. The lime-stone in both the footwiill and han;^ing 
Willi, as well as in the ore hei-ls, has hern dissolved, so that in places it is rather cellular, and 
Rceondnry earbonatt^, ealritc, luu! dolomite have hoen deposi(o<i in (he open spaces. This 
alterntitm, however, is probably duQ to water desctauling from the surface and is not related to 
the original (U'liosilion of l.he ores. 

Primary oro law not. been eneounlered except for scattered nodules in the o.xidized ore, so 
that little in known of the eliaraeter of the pi-inniry niineTalization except what can be de<luced 
from the comp<tsi(ion of the secondnvy tin^ and c.omi>itnson with similiir deposits where the 
primary ores have been seen. The few specimen;^ of sulphifle ore eoUccted consisted of galena 
Willi siinie pyrile and a liiae chalcopyiite. Sphalerite was not noted in any of these speeLiuens, 
but 11.^ •/ine. oeems in smuU aniiiuiits in the ore there ia little doubt that the zinc sulphide was 
pri-sonl in the prinmry ores. The a!>undunee of iron in the secondary ores indicates that the 
I>rimiiry ore contained nnieli pyrifc. It. may be inferred, fben, t-hat the original ore bodies 
were formwl by the repbieenicnt of limestone by galena, jiyrite, sphalerite, and chalc.op>rrite, 
The ore n.med at present is (he result of secondarv alteration of the sidphi<ies, tbc'mo.st 
nnportftut nimends being e*-nisile, carrying silv.-r, and limonite, with small amounts of carbonate 
ot copiwr and some /.me mmerol, probably smilhsonite. Resi<h^ (bcsc there ai-e small amounts 
of tb.- xnlphate of lead, angKite, the lu-drous sulphate of Irad and iron, .dumbojarosite, and 
the hydrous s.dphate of potns.ium and iron, jarositc. The Utier two minerals as thoy occur 
in tho mme arc identical m appearance and can l« recognized only by chemical tests. The 
oxide .d n.anganese is present in small .nnonnt.s and native sul],hur ocom-s here and there. 



in 1 .OS averH^cd " ^- ", irnee. i he eomiainy reports that lo carloads of ore s 
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fro>n pl=K-c to place, j>nnn^ an ivrogular outline tu (he deposit. Tlore .nd llierc the bed l.as 
been replaced for HO teet ulons file .n-ike; e[.c^vi,erc iho ore body narrows to a fpw foot. Tho 
v.,. union can best be seen by reference to the =UT<nii],uuying diagra.n of the mine u-orkings 

Thi. deposit like others along this belt, is bclicv^.d to have h:ul its origin in aeei>-sen(ed 
s..luMons rising along the hssnres in the limestone, wliioh at greater depth probablv nw con- 
nected with (ho masses oj nU.rusive quart/, monzonile. Tho locali?.alion of the deposit ninv ho 
attnbutcd t.> two eontrolhng oanses-tlie dam interposed by the rolativclv imiKTmeable Mow^tza 
shale and tho crushing and consequent poi-osity of tho ore beds. 

As has been noted hy many observers vboro a fissure in masyive limcslono enrountci>i a 
bed (^f shale, either tho fissure bceoraes tliscontinuous, or if it, ptusjies through the shale t.Iiat 
rock is ground to a gouge whioli ol(*ses the fissure. Solutions rising along siieh a fissure very 
coniniouly spread out beneath tiie shale and deposit nnttoi'ial in solution. The crushiiiic of the 
ore beds lias produced porons strata that arc easily penetrated hy solntiona, and aslhe ore 
wilulions rising along tiie fissnrw wero Htojjped from furtlier piogrm by the shaly bai-ricr they 
S]>rea^l out along the lines of least resistance— that is, through the eriishcd lime^lono strata— 
and de])ositod the material held in solution. 

MOSCOW MINE. 

LocatUyn. and Mstonj.—'XhG Moscow iiiiiie is in the southern part of the LSlnr district, ndjoin- 
ing the Jled Wivn-ior gi'oup on the south. Its elovjuion is about 6,000 feol. This ndnp, like 
most of tho other mines of the district., was a producer in the early days and then renuiiued 
idle for many yeais. On the renewal of mining activity in the (Mstviot Iho M(tscow wns one 
of the earliest to become productive. Shipment of oro began in lOO;! and ihe mine has boon 
operated continimusly since lltut time. No record of the early production of tho mine is avail- 
able and it is therefore impossible to stat« the metal outinit. 

Develo[rm*.nt. — -In tho smnmci' of 1909 the mine hud been openeil by a main shaft 4'>0 feet 
in depth from which five levels, Nos. I, 2, 3, 4, and 4.Vj had been oponcd at irregular inteiwaU. 
The old iloscow shaft extends to the third level of the main sliaft. In addition to the develop- 
ment by shafts, the upper part of (he deposit has been opened by a timDol, inclines, and open 
cuts. The extent of the developments cnn best be understood by reference to the accompanyiug 
(liagi'am of the lEnderground workings (PI. XX.1). 

Geologic rd-aiions. — The Alosuow deposits, liko those of the Red Warrior, oecnr in the lime- 
stone nnderlying the Mowitzn, shale. The limestones are (he heavy-bedded blue and gray 
locks, in general similar to those of tho Ked Warrior and Mowilza, ami the shale is the same 
limy fossiliferous rock containing tliin beds of limestone. Tlie seilinientaj-j' beds, like fliose to 
the north, strike nearly north and south, magnetic, or about N. IS"" E. true, and dij) 4r)''-50° E. 

Less than a quarter of a mile southwest of the mine is a stock of quartz monzonite, which 
forms a bu'ge part of tho range south of the area mapped. The limestone c^aitaiua a few small 
highly altered dikes of what was probably a rock oi dioritic coniposition, though at iiresent it \s 
too greatly altered to allow d<!(OTniiiia(ion of the original constituents. These dikes have been 
forced in along the lissures in the rook, those observed having a general east-west strike. Two 
of them are exposed in iho mine workings and others are seen on tho sm-face. Tlie.y are entded 
more easily than the limoitone, and consequently their oulciop is readily overlooked where it 
has not been exposed by prospecting or mining operations. 

The limestone in out by fcsiires, most of which trend nearly at right anglps to (lie bedding 
and dip steeply txj the north. Along most of these hssurts there is nt) evitlencw of much move- 
ment. In the north end of the fourth level, however, there a]>pcai-s to have been considerable 
nio\^cmcnt along an east-west break. Developments at the time of visit were not suHicicnt 
to make it possible to determine positively the amount of movement, but the bods appeal- to 
have been displaced more than 150 feet, tho portion to the north being thi-o\vn relatively to the 
east. 
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In u.ia.tion 10 (ho lis.uro. an.i faults just .lescribcl llioro arc- at scvenil points oa nrul n!,ovc 
the loin-th U'vcl slnniKlv slichcnsicI.Nl Hin-fucos lutvii.- ihc goncrul n[>i>oarn-nc:e <.t nonrly liori- 
z.>nl«l Dlnnos tb.1 iiavo Milfeml warping. On llusc sin-fna^s Mnkc^ nnd dips m nlnmsl cvory 
dirfctioM oau he ..htainoa. but tho.y arc alway. flul, upnrouclunK the horizontal. The sirong 
sUokciisMlinK' in.lxate. movement alonj,^ these phines. but the nuinunt «n.i 'hre.-hou of the 
movement Mini its iiuporiunee as relaU'd to the ore. deposits were not delerirnne.l. Kurther 
developiiu-nl. will \w nee^o^surv hotorc the rehilioiw can in- dcei|>hored. . 

Ore (Ici>osih.^Thi^ ore deposits in this mine, us in nio>ft of the.othei-rt m the distnet, occur 
,ia irrefuhu- chimnevs following the inieisection of eertiiiii beds of the limestone an. I liie ojv- 
beuring tls^un^ and" in ^^'Heral pUeion-; northeastward wuh the intersec-tinn. The distance to 
whieh'^the rephuwmcni. has exleudcd varies from [>lace to place, giving the ore bodies an 

irri^gnliir torni. 

Tiie main prmlue-tion ot' the inino has eonii? from one I>ed, l)ut there has iioon some replnee- 
mont of other be<Ls, especially of what is known ius the xino bed, which underlies the prim-ipal 
ore body and ia whirh Ihe (iren show relatively little oxidation and eiirry a rclativt'ly id;^di zine 

content. 

Most of the ore mined to the present time has been o.vidizeil, thnt from the lowest 
workini^H, the winze in tlie north end of the fonrth level, lieing composed ainio.st entirely of 
Beenndui'v minerals. 

At yonic jjoirits, liowevm-, where the cueiilalion has appjirentiy been lesy free, the ovii^iiiid 
orf's are still pn-sent. This is especially true i>f the bodies of zine ore in the Stnith end of the 
fourlh level, where tliere has lieeu very slijiht oxidation. 

Tile snlphide ores are compo.sed of g;denii, sphalerite, pyrite, ehaleopyrite, and a little 
»;reeno(kite, with lallier flbmulunl seriiitic nmstMivUe and fluorile as j^angue inineralj^, tngeiher 
with carhoinilfs Lh.-.l represent unrejilaeed portions of the liinesUtiie und a little rliodochi"ojiito. 
TIio proporlion of these coiistituentij probably \'aried in difl'ercut pai'Ls of the ore body. Mo,st 
of the nno.vidized ore seen in the mine eonlauis considerable sphalerite, but some nodules of 
uri^hnd sulphide in the oxldi/.ed bodies of lead oiv are compobcd very largely of jT^aienu, and it 1^ 
probul)le tluif. this was the predumiruvtini;; mineral in the originr.l ore in these bodies. 

The galena has been oxidi/.ed pr\n< ipally to the carbonate, cerusite, but sonic anf^k-site 
oeeun?- and ixho (he hydrous lead and iron SLilpliali'.. phinibojjinwite. The ii'on in the oxidized 
ore Ls present jt* limonite, with some jarosile, the hydrous sulphate of pota^^sium and iron. The 
eoi)per has btsm liu-gely altered to carbonat^-s. Sndthsonile is present in the aecondury ores^ 
though not in liirf;e amounts, and it Ls nm improbable that aome of the -/auc has been renioved 
ami nuiy have b(Vi; ik-posited as secondary niuierals at sonio lower pouit. The ore in ^^enerul 
is rather hij?h in bron itnd low in silica, imd consequently is n desiirable suieltinj; o?-e for this 
region, ^h)sl of the ore nun(>d to the prc-sent ilale has been a lead-silver ore carrviJig some 
copper. A jjeneriil iiverayie of live metal content of the ore mined is about 20 per cent of lead, 
'2t) to 25 ounei^ of silver to the ton, and 2 ti) .> per cent of cupper. vSome ore earrybii: nmch 
more cupper has Iwen alripped, alsi. some zinc ore. 

OvHnn. nflhr o/v,-q'he ores, like those of the oilier mines of the district, are belie\'ed to 
hn\-e been f(.rnie<l after the intrusion of the quartz luonxonite nml to have been derived from 
solutions given o(T by that mn^nurt. Thn de|M>sition at lids particular point is tl»ou-ht to be due 
to the utHuemo of (he Mowitza shale, which on aeeoiint of its phvsical character did not afford 
un open channel wheti nUor*fl«l by the ore fissures and thus ob^tniet^d the passa-r of tlie 
aohitiom rmmg along ihe fissures and .nnsed them to spread out along favorable bed. beneath 
the shale. ^ 

IflB MINE. 
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depth (inH hy an iiu-liiUMi winze fr(i:n ;\ slinrl tunnel wliith is coimocU'il with (Iir shaft on the 
20(i-footKnM'l. 

The (ire. boily is in runcsttmc nour (lie quart/. m<inzoniti' c^inUu-t. The liincstonis tUT hnivy 
UhUIoiI, but on ucooiuU of iiltonition tluo'tti thi' [)ro.\iniity of tlio inlmyivc mn^is it has not hoon 
j)oHsii)lo to idfiuify iKisitivt'ly the jjooloijic liorizon of the bod?*, thoui:^h thoy aro thon-^Iit to ho 
not far bolttw tlic Mowiiza slutlo. Tho limoylono luw boon rtHTydt!illiy.od near tlio intruai\T 
boily, but C-ontiiPt minerEi-ls arc not uhuniUint exeept close to the ore chaiineld. 

Tho qnovl/, niixizonito in the vicinity of ihe mino is nioro ncidie ihun the nuiin body of tlic 
intrusive, approaehin.^ n jjranitc hi rompositi*)n. The roek is lii^lu colored, bein^^ com|MJscil 
hirirely of quiirt» and fekispur \vi(h scrtfteriny; cryslals of lutrnblende and l>iot.itc. Orthoflnse 
is sli^srhtly morn abiirKh'inl ihiui nln^iiKluac, I lie lullrr bpinjjof more acidic composition than tiiai 
in mueli of tho intnisive rwk of Ihe district. 

The limestone near the contact has l)ecn Tissured lo some extent, prnbably as a ri'sult 
of the imnision, for tho iissnres do not extend wross tho enntaet inlu the qnarfy, monzonilo. 
There has been tjonie niovcniont iilonfjj Ilie eontuit SMbtietineiit (o tlic solidiiieatitin of the intru- 
sive rock. This has resulted in live foruialion of » tideoite K"i'K*' roatainuig much of llio Jiuis- 
covilc and llutuite charaoteribtic of the zone of contftct idtorivlion. 

The ih'po^it niav be i hit^sed nsa<-ontftcl dcpowit, thont^h it dirt'crtiSonu-wI'LtU from t!u' deposits 
ordinarily fiirined by contact nnncrali/Hlitm. Certtiin U'ds of the litneslono Imve b<H'ii rcpluced 
to a varying degree and to vuryiui^ distancoji from the iiitrnnive rock by ctuitwl iiuncriils con- 
sisting' nuiijdy of niuscovilt', fluorilo, muf^netile, htuI the sal]>hidc8 ijidona, Mphalerifc, pyritc, 
fhulcopyrite. LSoine cldorite and serpontinc arc ]>resent., Imt llieso niiiicniis are thie to hiler 
nltcratioii. Tho ore shows a murkod teiidcney to form whciT (he limcstuiie is tl:c Imn^inij: wall. 
Whci-e tho .i,M-anito becomes the Innij^ins \V'dl alon;; the irreffiilsu' cuntiut, litlle or no ore is found. 

Thoujili nujst of tluiorcso far developed lias i>een found along the contacl, .ae has also funned 
to i^onio extent as a repliicemenl of the lunertlone nlonj; ihi* fissurtts oultin.u: the limestone, bed- 
din^^ Such denosits have not proved of eominorcial importance, but. (hev show (he ndaliun 
botwocn tho contact deposits and the ivplacenients hUjii^ fissures. 

The ores mined luivo been niiiihiy oxidizcrd, load carbonuie carrying silver beinjj the most 
valuable ore mineral. At sonio points in tlic mine t-he ore carries considcral>!e zhu'. ('opjier 
is present in snudl amounts and must of tlu' ore iiins well in iron. Tlie h-ad sulphate, anijiesitOj 
and the load-iron sulphntc, jdnmbojurosite, arc proijenl ui small quantiries. 

in additiiui lo tho niidii developments doacrihed jibove considoralde prospcctui^ Itns been 
done at scvorul otlier points on tho property, but at tho time of visit, oiv incomnieivial tpiiintilica 
had not boon oncountored. 

l.AIJV bliVAX .MIXK. 

Thu Lady Brvan mine is soutli ()f the Hub <,mi'U]) and is operated l)y tJie same company, 
the LUiiii Mininj;, .Milling & Tnmsportation Co. Some ore was siiipped from the property in 
the early days of inhun<i hi tlie district, but it Inis not been a lar*^o j)roducer prcviims to the 
shipments bv the present company, winch bejruu in 1910. 

The oiirlv dcvelopniont cmisisted in slodlow slnifts and inclines followiu}^ tlie vvm and some 
open piti<, none of tho \vorkin{?s rcachinij: a f,m^at depth. The oporations in 1!)1U were bi*in<r 
oonduetoii from a shut t that hud been sunk to tho 300-faot level, from wiiieh a cn>sscut had been 
extended to the ore bodv. At the time of vi.'iit in the summer of 1910 little work had been 
done ill exploring tho oi-e bndy, as it hud been reuehod but a sliort time before. It w ix^iH>rted 
thiit since that time oxploMu'ioii has bccJi contimtod on this and lower levels. 

The de|)osit is in the limestone, but the exiwl horiz-m at thi>; point is in some doubt. Fos- 
sils ooUoctod in a bod of shalv limestone about halfway to the summit <if tho ridge east of the 
mine were determine.! bv G. 11. Girty as probably MissLssipi>ian. Tliis would uidicute that the 
limestoue w wliieh tho ore deposit occui-s h near tlie horizon ol tlie mines to tho north, namely, 
in tho limestt.no underhou- the Mowitza shale. This fossiiiferous shale member, however, i-s 
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les^ prnminerit :it ihis iioint ami no fossUs were foiiiul tU-.vi corrospoiul to thos« in the shuly 
mombcr at tho iroscow. Red ^^^^rri(^r, und 'SiowiV/M niin.'S. 

The strike of (he limeslone U-ds is in jroiieral iu)rth and rfculli vrith fiistcriy dip but shows 
less regularity than thid to the north (Hi account of tlie close proximity to the <>xtensi\'c iiitni- 
yive niasses of quartz nx^nzonite north iind west of the mine. The limestone k cut by a Koriea 
nf eiwtrwedt fissures with st<-e]> northerly dij). The une on which developments Jire bcinj,' con-i- 
dueled hiis « clip of about 70^. 

The limestoiw aJonji: tlie eoiitiiet with tim quitrtx monzonite luis been reery>stidlized and 
lne;illv nluiiir the enntftit und nUmii the (i^^snns neur the eontnct Inis been repliieed by eontact 
niincnds. Muscovite jtnd Ihiorite urn nitlier abundsint in tills zone, us at the Hub mine, and 
epidotc, ]>\Toxeuc, and sinne trciuolile were idso <)bserved. With these are nnirnif'tite, p^Tite, 
»nd chaleopyrUc. In cdtmcction with the main ore body oontaei silicates were not obs"iTed 
and there wa-i reliitivi-ly sli^rht rfilicification of the linicst<mo, the replacement apparently being 
prineipallv elTeetcd by ^sulphides, thoujih the imaUered ore haa not been eneonntered. 

The ore bo<!y at pfcscnt developed occurs oh a rephK-enicnt of lunestonc ulonj; the eiwt- 
wesl fissure. At tho time of visit it had bcoa shown that the limestone had been replaced 
along fievernl beds to varyiuf:; distances up to 20 feet or more from the fissure; in fact, ail the 
bnls exposed by tlie wnrkinpi had benn replaced raoro or les.s. In general character the nro 
t^hool, like ttint of the other mines in this district, was a ciiiraney of ore pitching; to tho nortlicasfc 
foll(!wi)ig the inti'-i-sectiou of llie readily replaced beds and the fissure. 

AU tho ore thus far devidojieil is oxidized, beiii!]; composed ]>nncipany of limonite and 
carbonates nf h-ad niul copper, caiTpn;^ some sUvor, The ore is high in iron and c.onseqiiently 
a desirable smelting i>rc for this district, 

ST. MAUTS MINK. 

Thp St. Marys mine is in the southern pait of the Star district, on thp east side, of 
Topache Peak. It was openeil in the early days and cortiiideiable ore wum taken out near the 
suifaee. 1 1 wus then idle fur many years, but in the summer of HKtO work was ni^aiii in progress. 

The niaiji output of the mine has been lead, sUvcr, and iron flux, cnri-A-inf,' small amount*; of 
other metals. Some cop])er ore has been exlraclwl and shipped. The metal output of the 
mine- in tho eorly <lays of ius ]MO<luction is not known. 

The eni-ly devclepnieut. of tlie mine consisted in loUowin-r the ore shoots from the smfac*.^ 
to a depth where the extraction of the ore eeosed to be profitable. In the old worldji^ a vertieal 
dt^plh from the outcrop of possibly 200 feet wa.s nttainexi. 

In 101)0 n tunnel wus benig driven and a shaft sunk to develop tho j^round at greater depth. 
Tno mmo w m tho Topaclio limestone, which Is rather heavy be.lded and has the general 
norlh-south strike and easterly dip eommr.n to the district. 'Hic oulv otiier rock observed in 
or near the mmo wurkiu^s was a dik. of alter..! preen purphyritic rock exposed in the tunnel. 
T Ins ts snuilar to otherd.kes cutting tho limestone au.l is not believed to have had an important 
bearin}:^ ,,n Uio lorimilion ot the ore deposits. 

Tlu'- limoslune is mt by nearly east-west JLsHuros and certain beds of Imiestone have l>een 
indaced or short distances from these fissx.re. by ore nnaeraLs, forming chunnev-like masses of 
oie foUowm^ the mterseetion of the- fissuro and the beddiji^ 

m.dulv o/e^rbf .'7 ' n ■' ;*'''"'•* '' *^'" *'^'^''^' *" "^"^'^ ^^ *^"-^ ^^■'^^■' 'I'^v'^loped. It consists 
m.nu 1> of earboant. of load cen.sitc, and luuonite, xn.h a little copper carbonate Tho copper 

rt:: ;::::■ ;'";:;. ."•^ "--^- ---l-ti.>n was slmUar t'Lt of the:ji;ta^4-i's, 

Sonie sncehnoih. rJl... , ^''^." '"';*. ^^> "^'^ "^ '^ K""^^>i'. of iravnet, nmscovite. and calcite. 

PRO«l{ES.SlVE MINK. 
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This nuMo, liko tlio Si. Marys. Is lociUed in tho Topacho limcsUne ami tlu^ ore liodii^ hiivo 
formoi! us a roplaceiui'iit tif rortaiii lic<ls of linu'storie near the inlei-scctions of ti^surva. 

COMMON'WEAI.TII MINE, 

Tho Coininnii\\-ralth inino lies m llic southorn ])iii-t of the Slar district, north of tlio Pro- 
giotisivi' mim ami east of tlu' Lady Bmiii. A little ore luis boon taUen from tho niijic, hut it 
has uover been an iniportunt producer. It is deveiojied imiiiily by a tiintiel about 1,200 feet in 
length, extending; in a ireneral westerly direction, tliougli varyini,' fi-om pohit (o point. From 
this tiiiuiol several (h-ifts iiave boon run following certain beds and fissures. In adilition to tho 
naabi tunnel there have been shallow wnrkinj^^ at several other points. 

The main worUin-^v are in tiie Topiicho limestone, tho only other voe.k being vlikes of altered 
green jiorphyiy similar to that fi»und at many other ]>omty in liie district. Those dikes appear 
to have been intruded ulon^ the iiineslone beds. Tho liiiiestouo Ls broken by fissures cxtendin'j; 
in several <lirections, nearly east-west, nort.hwest-southca.st, und northcast-soutluvest. AU the 
fissures were apj)areatly formed i.iofore the mnieralizatioii, as stmie niinernlizatiim has oeeurred 
along thein ail. Some movement, has taken pluce along the Iks^inres. but .so far as deternuned 
it has been slight. It has, however, vesultotl in some places in n bn'rciafion of tlie rook ami \n 
others in tlie formation of a rather sttntng gougo. 

The mineralization ocourred along the fijisuri's nuil extended for short 4listanees ;dongcerfuiu 
boils of the limestone. Present dt'Vfllojmicnts show but little ore and niosl of this Is not of 
liigii ffriulo. 

M,VM.M(JTII MINK. 

The ^^amm(>th mine is in t!iti ecritial part of the Star dislriel, ni>r)Mt half a mile oust of (he 
Red Warrior nune. This was one of tlic enrlicsl mines of tlio ih^jricl atul was one of (lie largest 
jirodueers in tho early tiays. With tho exhiuistion of the ores near the sur-faeo operations w(mo 
(Useontinued and the mine was idle for many yeai^s. In the. last few yr-ai-s udditional prosiieet- 
ing has boon done ami a little ore Ims boon taken out. No exact record of tho motal outi)ut of 
tho mine is available. 

The early development consisted of a short tunnel cutting tho ore I)ody but a few feet 
below the outcroj). The ore shoots were worked by winzes from this tuimel. Jjutev ii tunnel 
was run from Mammoth Canyon that cut the firo fissure at a depth of a]>out "i.'iO foot behtw tho 
lil>l>er tunnel. A winze has been svnik about (it) feet below the lower tunnel level, iind a raise 
has connected it with the upper workings. Sovcrnl hundred feet of drifting bus boon tie.com- 
phshed on the tunnel level. 

The mine working:^ are Lii the Topaohc limestone, wMcli h*. rather he&vy bedded and uniform 
in character. The cherty zone of tins formation overlies tho liincAtono In which I he iniiie is 
developed. It is re])orted that a small dike of porph>Ty is PNposod in the mine workings, but 
this was iiotsoen by the writer. 

The lunestono is cut l)y a Jissuro striking nearly cast and west and dipping about 00" X. 
A second lissnre strikes about northwest and sontheiist and di[)s about (>()'' \E. The lime- 
stone is too uniform in character to ni;tko it posniblo lo doted shglit niovemont along those 
breaks, but so fur as coidd bo delermiried there luus been little displacement. 

So far as shown bv IMOsenl devclojiment, tho niinorali/.ulion ()ocurred aliuost entiroiy along 
the east-west fissure, (.'oiisideral^le drifting has been done on the norllnvest-southeast fissure, 
but onlv small bunches of mineral have been encountered, 

The ore minerals sliow IcsS tendency lo replace certain be-»Js tlnin in most- of the other 
mines of the tHstrict but rather have replaced idl tlie Umostone beds adj.-icent to tho fi.ssure, 
thoiigii to a varying extent, the mineraliiiation extending farther from tiio flsstn-e m some beds 
thiui in others. It is noteworthy also that tho mmerali/.rttion has cxtemlod farther from the 
fissure near (he surface than in tho h»wer workings. On the tunnel level I he drift in the fissure 
shows few nuneralized l>eds along the fissure more than .'? foot in uidlh, but in tiio ui>i>er 
workings the replaced bed.^ nniy ho several times as wide. 
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Tho. uri«in^l stilpUiac^ havo all been altered 1« the <Icplli of tlovolopment, so that, ii, U 
impossible to state the churiujter of t.ho originaJ niinoiallzMlIoM. Tl,c ore th.-it. lias oo^n oxLnicted 
h-A eonsistcd so iVr us hn^ bccm loanic.l, of load Ciirbonuto carrvm- sdvoi- and limomte. In (ho 
lower iovcia the load minerals nrc largely absci\t and the hssine zone is filled with bmomtc. 

T\w. oi-e shoot, that has been ndne<l extended from llic surfoco to a depth of about 140 feet. 
From this point to the tunnel level, about 00 foot., and in the winze below the tnniiel leveh 
about GO feel, only n few small hnnelies of (.re have been encountered, though the iissure con- 
tiiuios sitronK and curries abundai'.t Umonilc 

I.YDIA MINE. 

The I.y(ha mine is loeitted on the east side of the qiiartzifo ridgo south of the Klephant 
Canyon road. It is repoited that soveial carloads of lea<l-siher ore have been shipped from 
(his }iroperiy. The mine is devolopod by an inclined sliiift about 175 feet hi deptli. The mine 
workings am in tlio Talwnnm fpjart/Ale, whieh coufftvnis to the general structure of the ro^noD, 
striking in a geiienil north-soulh direetion and Hippin;;^ ■45"-50'^ E. 

Tlie mine is developed on a fissure eutting the (luartzile with a north-south strilte and a 
dip of about 4.5" W. The inineralization eonsisled principftUy of the formation of givlena 
ie]tlae.ing the quarlzitc ailiacent to tlio fi.s.siire. On the fii-sl level several small chijunoys of 
ore hiivo been slupe.d iiVm^ the fissure. There has been no diifthis helow the fii-st level, but 
the fissure is said to he exposed in ilic bottom of the shaft. 

OTlIFJlt MINKS. 

There, are n-jnierous other mines anti prospect.^ in the Sta.r district wbicii were not in oper- 
fttion at tlic time of the writer's visit and consequently detailed infornuition eoucerning them 
WHS not ohtauied, Anion*^ the mure imporlimt of these arc the Kemple nunc, the EsttiUe luine, 
and the Vie.kabnr^ mine. 

The Keniiile muie is loeftteii in the valley about hah' a mile east of the Comra on wealth 
mine. Considerable development Work hns been done by shallow shafts. No record of the 
output is iivailahle. 

In the southenstorn part of the Star district the Harrington formation has been' intruded 
by the (unirlz monzonite, so that the two form a veritable mosaic of intrusive and sedimentary 
rock. In many places small blocks of the sedimentary ro(;ks not exceodin^r a few hundred 
fei^t ill greatest dimensions are entirely i^vn-rounded by the monzonite. Wiere ilio intrusive 
rnek is in contaet witli the limestone tliero has been contact mineraliztUiou with the deposition 
of sul]thidcs of lead, eoi)per, zinc, and iron. Similar mmerahzalion has also occurred along 
fissures in Uic hmestone. Tiie Kstelle and Viek^hurg mines and numerous prospects have 
been openi'.ing deposits of these types, mid it, is reported that considerable metal production 
has hemi m.ide fnun thi.s section i>f the district, tiiough no detailed iiguros were procured. 
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